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I. Impast w malarstwie sztalugowym
I !"#$% & !#'#($%&)* $+%#',-.&/! 0/1 "(+*2#&*! +!)#3/ & )4*) %&.(+*5 3)# 4+)*1#6
7 8#94*2 + 3#20#(4+)*2 +3#3/:; %*:;3)8 .4 :+#$<& 3#24#&3)*2$+/:; 
4. 4+)=> & %*:;3)8#:; &.43/:;> *!,'$/23/:;> .'*23/:; !.93# +3#'*?@ 2*-
-. "(+/81#4/6 A# "(+*$%(+*3) &)*8<& -(,0. 81#4+).3* &#($%&/ !#'#($8)* 
& ".$%#:) )!"#$%<& .4-(/&#1/ (<93B (.'C6 7 %/! :*', 3#'*9/ (.+-(#3):+/@ 
4&# ".2C:)# 4.%/:+B:* ,9/:)# )!"#$%, D &/3)8#2B:*-. + (.4+#2, +#$%.$.-
&#3*2 E#(0/ ',0 &)*'.&#($%&.&*-. 3#81#4#3)# .(#+ )!"#$%, &/8.3#3*-. 
"(+*+ #(%/$%C & $".$<0 =&)#4.!/> 0C4B:/ :*'*! $#!/! & $.0)* ',0 =(.4-
8)*! $81#4#2B:/! $)C 3# "*13B &#(%.=@ .0(#+,6 7 ")*(&$+/! "(+/"#48, 
)!"#$% ".48(*='# & $".$<0 %(<2&/!)#(.&/ ".$+:+*-<'3* *'*!*3%/ 8.!".-
+/:2)> +#+&/:+#2 & 3#2&/9$+/:; =&)#%1#:;6 7/3)8# (<&3)*9 + 3#%,(#'3*-. 
='#4, ". 3#(+C4+), ) :;#(#8%*(, ,9/%*2 E#(0/1 FG'6 H> )'6 I> )'6 JK6
 1 L6 M'$+*&$8#5N&)*%')8>  !"#$%!%&'!(!"#)*&+*#%"$!& ,-%!"$!& $.& /%"$.0,'*!& 123456478> O.(,P 
IQQI> $6 RST *#4*!>  !"#$%!%&'!(!"#)*& !9%:.";#)*.0,& ".%!<=(='& >:?&@A"*!9!&$&<!$B(*)*&+!"*!C)*.D&
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A#'*9/ +#+3#:+/@> 9* %*3 %/" )!"#$%, 3#2:+C=:)*2 $".%/8#3/ 2*$% & !#-
'#($%&)* 4#&3/!> :;.@ 3)* 0(#8,2* -. (<&3)*9 &* &$"<1:+*$3/:; .0(#+#:;6 
W 8.'*) )!"#$%> 8%<(/! #(%/$%# 3)*"(+/"#48.&. ."*(,2* & :*', ,+/$8#3)# 
+#!)*(+.3*2 E#8%,(/ &#($%&/ !#'#($8)*2> $81#4# $)C 3# X!#'#($%&. )!"#-
$%.&*Y ',0 XE#8%,(.&*Y26 G!"#$% 2*$% &%*4/ +#0)*-)*! :*'.&/!> 4B9B:/! 
4. &/1.3)*3)# *8$"(*$2) .0(#+,> 4/3#!)8) !#%*()) !#'#($8)*26 7 !#'#($%&)* 
)!"#$%.&/! 3#81#4#3. -. X#''# "()!#Y3 ',0 "."(+*+ .4".&)*43)* &)*'.-
&#($%&.&* 3#1.9*3)* E#(0/ "(+/ &/8.(+/$%#3), (<93/:; 3#(+C4+)> -1<&3)* 
"C4+') ) $+"#:;')6 O#8) (.4+#2 )!"#$%, *8$".3.&#1 "(+*4* &$+/$%8)! .$.0-
3/ 2C+/8 &/".&)*4+) !#'#($8)*2 8#94*-. #(%/$%/> &/(#9#1 3)*+#'*93.=@ %&<(-
:+B ) )34/&)4,#'3.=@ FG'6 SK6
M .0(#+#:; +#&)*(#2B:/:; & ".4.03/ $".$<0 0,4.&#3B ".&)*(+:;3)C 
!<&) $)C (<&3)*9> 9* $B 3#!#'.&#3* & X%*:;3):* )!"#$%.&*2Y46 Z#'#($%&. 
)!"#$%.&* & !)#(C (.+&.2, *&.',.&#1. 4. (.+0,4.&#3*2> :+C$%. (#4/8#'-
3*2 &1#$3.=:) (*')*E, ) E#8%,(/> $+:+*-<'3)* & .0(#+#:; &$"<1:+*$3/:;6 [#-
4#:+* ,+,"*13)#2B *';!#%, X\]^ +3#:+*3)*! 4.4#%8.&/!Y & ".(<&3#3), 
+ 8'#$/:+3/! %(#8%.&#3)*! "1#$+:+/+3/ .0(#+, F%26 .4 (*3*$#3$, 4. )!-
"(*$2.3)+!,K56 7 %&<(:+.=:) !#'#($8)*2 4. :+#$<& )!"(*$2.3)+!, )!"#$% 
&+!#:3)#1 (.'C !.%/&, (*#')$%/:+3*-. ) =&)#%1#> # & !#'#($%&)* .4 8.P:# 
_G_ &)*8, #8%/&.&#1 *8$"(*$2C ) X!#*$%()C & ."*(.&#3), "C4+'*!Y6. Coraz 
 2 6̀ Z#(8.&$8)> GCH",9!& *';!#%,:.D&:!"#%:B&'!(!"#)*.D& ,<"!$I:&,(.D9BCH&9!&;-I%9*.&;,AC$!#&$!J
<*.0I:&),9#.":!%,"#)*CH> O.(,P IQQI> $6 V6
 3 @((!&;"*'!&F&16 X.4 (#+,YK D X%*:;3)8# !#'.&#3)# & $".$<0 0*+".=(*43)> $+/08.> 0*+ 
".4!#'.&#3)# \]^6 M0(#+/ .'*23* !#2B +(<93):.&#3B E#8%,(C ) &/(#?3* ='#4/ ".:)B-3)C@ 
"C4+'# \]^Y> +#a /-,:9*)& %."'*9,(,0*C$9B& #$%=)&;*K)9BCH> (*46 b6 c.+#8)*&):+> &/46 V> 7#($+#-
&# IQQV> $6 HQDHH6
 4 d(.0'*! ".48(*='*3)# (<93):/ !)C4+/ )!"#$%*!> &/3)8#2B:/! + 3#%,(#'3*-. ='#4, 
3#(+C4+)# ',0 :;#(#8%*(, ,9/%/:; !#%*()#1<& !#'#($8):;> # )!"#$%*! .4+3#:+#2B:/! $)C 
=&)#4.!/! 3#1.9*3)*! E#(0/ & &/$.8)*2 2*2 $%(,8%,(+* 0/1 "(+*4!).%*! 0#4#P ) ."(#:.-
&#P %*:;3.'.-):+3/:;> 3# "(+/81#4 L.3#%;#3 b%*";*3$.3 $%&)*(4+)1> 9* .4&+.(.&#3/ 4,8% 
"C4+'#> %&.(+B:/ &/$.8B E#8%,(C> $,-*(,2* E.(!C "(+*4$%#&)*3)#> # +#!)*(+.3/ -(,0/ )!-
"#$% & 8.3%(#=:)* + "1#$8)! ".41.9*! !#'#($8)! &+0.-#:# .0(#+ 4.4#%8.&B -1C0)B .(#+ 
$)'3)*2$+/! &/.0(#9*3)*! %*8$%,(/ "(+*4!).%<&> +#a L6 b%*";*3$.3>& LH. '!%."*!(#& !9A& %.CHJ
9*M=.#& ,N & ;!*9%*90> e.34.3 HffJ> $6 HQHT d6 Z#2*&$8)> +!(!"#%:,& '!%."**& :& O,(#C.& D!),& N,"'=-!&
P9,:,C$.#9,>C*Q> e,0')3 IQQR> $6 SJ6
 5 d6 Z#2*&$8)> ."6 :)%6> $6 SJ6
 6 G0)4*!> $6 SJ6
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0.-#%$+* ) 0#(4+)*2 +(<93):.&#3* 3#&#($%&)*3)# $%(,8%,( :)C98):; !#$ E#(0/ 
+!,$+#2B #,%.(<& ",0')8#:2) + +#8(*$, %*:;3.'.-)) ) %*:;3)8) 4. ,#8%,#'3)*-
3)# "(.$%*2 4*g3):2) *';!#%,& *&&+0.-#:*3)# 2*2 %(*=:) )33/!) &#(%.=:)#!) !#-
%*())> 4.%/8#2B:/:; $E*( E#8%,(/6 d(+/81#4*! 2*$% ".2C:)* XE#8%,(/ :;(."#&*2Y> 
8%<(# 2*$% &/3)8)*! ".1.9*3)# E#(0/ )!"#$%.&. ',0 ;!#%,#,&D X& E.(!)* -C-
$%*2 3)*"(+*3)8')&*2 !#$/Yh6 7 4+)$)*2$+/! (.+,!)*3), )!"#$% 3)*(.+*(&#'-
3)* 1B:+/ $)C + E#8%,(B .0(#+,a Xi#8%,(# %. $&*-. (.4+#2, (+*?0# .0(#+,Y8.
II. Część badawcza
7 :+C=:) 0#4#&:+*2 &/$*'*8:2.3.&#3. Sf (.4+#2<& $".)& :;#(#8%*(/$%/:+-
3/:; 4'# 8)'8, %*:;3)8 !#'#($8):;6 7/0.(, 4.8.3#3. 3# ".4$%#&)* "(+*")-
$<&> 8%<(* +.$%#1/ &/!)*3).3* & ')%*(#%,(+* "(+*4!).%, .(#+ $".=(<4 %/:; 
+)4*3%/g8.&#3/:; & .0)*8%#:; +#0/%8.&/:;6 d(+*"(.&#4+.3* 4.=&)#4:+*-
3)# !)#1/ 3# :*', +&(<:*3)# ,&#-) 3# &/0(#3* ;)$%.(/:+3* ) &$"<1:+*$3* 
$".)&# ) &/"*13)#:+* E#(0> ,9/&#3* & 4#&3/:; ) &$"<1:+*$3/:; &#($+%#-
%#:;> #3#')+C ):; :*:; !#'#($8):; "(+/4#%3/:; 4. &/8.3#3)# )!"#$%<& .(#+ 
.8(*='*3)* ):; "(+/4#%3.=:) 4. :*'<& #(%/$%/:+3/:; ) 8.3$*(&#%.($8):;6
II.1. Przygotowanie podłoża
d.41.9#!) & :+C=:) 4.=&)#4:+#'3*2 $B %(+/ '3)#3* "1<%3# 3#0)%* 3# 8(.$3# 
(,:;.!*> 8#94* . &/!)#(#:; VVjVV :!6 d1<%3# +.$%#1/ "(+*8'*2.3* HQk 
(.+%&.(*! 8'*2, -',%/3.&*-. F9*'#%/3#K6 A#$%C"3)* 3#1.9.3. %(+/ (.4+#2* 
0#(&3/:;> -1#48):; + &)4.:+3B 4*')8#%3B E#8%,(B "1<%3# +#"(#& *!,'$/2-
3/:; . (<93*2 :;1.33.=:)9a
 G6 *!,'$2# %/", X.'*2 & &.4+)*Y Ml7> &.4.(.+:)*P:+#'3# D X:;,4#Y>
 GG6 *!,'$2# %/", X.'*2 & &.4+)*Y Ml7> &.4.(.+:)*P:+#'3# D X"<1%1,$%#Y>
 GGG6 *!,'$2# %/", X&.4# & .'*2,Y 7lM D 3)*(.+:)*P:+#'3# & &.4+)* D 
X%1,$%#Y6
 h m6 M$C8#> /;,D"$.9*.& 9!& #$%=)K> 7#($+#&# HfUh> $6 US6
 8 G0)4*!> $6 UV6 
 9 Z6 `.*(3*(> +!%."*!-B&'!(!"#)*.& *& *CH& $!#%,#,:!9*.> 7#($+#&# HfhV> $6 JQDJJ6
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 !"#!$%:
& '(& )*+,-.!& /%"+&0123&4!"#!$!&567+8!9
b".)&.a
H :+6 .026 hk (.+%&.(, 8'*2, -',%/3.&*-. F9*'#%/3# $".9/&:+#K
1l
3
 :+6 .026 ".8.$%, '3)#3*-. F-.%.&/ ".8.$% '3)#3/ g(!/ n*3*$#3$K
H :+6 .026 &.4/
H :+6 .026 8(*4/ o#oM
3 
Fg(!/ c(*!*(K
H :+6 .026 :+*(&)*3) 9*'#+.&*2 FSUHIQ g(!/ c(*!*(K
&''(& )*+,-.!& /%"+&012&3&4!"#!$!&5":;/;+-/!9
b".)&.a 
H :+6 .026 hk (.+%&.(, 8'*2, -',%/3.&*-. F9*'#%/3# $".9/&:+#K
p :+6 .026 ".8.$%, '3)#3*-. F-.%.&/ ".8.$% '3)#3/ g(!/ n*3*$#3$K
p :+6 .026 &.4/
H :+6 .026 8(*4/ Fg(!/ c(*!*(K
H :+6 .026 :+*(&)*3) 9*'#+.&*2 F3( SUHIQ g(!/ c(*!*(K
&'''(&)*+,-.!& /%"+&210&3&4!"#!$!&5/;+-/!9
 m6 $".)&.a
  H :+6 .026 hk (.+%&.(, 8'*2, -',%/3.&*-. F9*'#%/3# $".9/&:+#K
  H :+6 .026 ".8.$%, '3)#3*-. F-.%.&/ ".8.$% '3)#3/ g(!/ n*3*$#3$K
  H :+6 .026 :+*(&)*3) 9*'#+.&*2 F3( SUHIQ g(!/ c(*!*(K
  3)*&)*'8) 4.4#%*8 8(*4/ o#oM
3 
Fg(!/ c(*!*(K
 [6 :)*38# ".&1.8# 3#1.9.3# 3# 2*43B &#($%&C +#"(#&/ X%1,$%*2Y F$".-
)&. mK 
  .'*23# E#(0# FX:+*(&)*P 9*'#+.&#Y 3( J g(!/ n*3*$#3$K
  ".8.$% '3)#3/10 4. ".1B:+*3)# + .4:;,4+.3B -.%.&B E#(0B .'*23B
7$+/$%8)* %(+/ +#"(#&/ 3# ".:+B%8.&/! *%#")* "(+/-.%.&#3. & 3#-
$%C",2B:/ $".$<0a (.+",$+:+.3. 8'*2 -',%/3.&/ 3# :)*"1. & &.4+)*6 
M$%,4+.3/ (.+%&<( 8'*2, ".1B:+.3. "C4+'*! + :+*(&)*3)B 9*'#+.&B 
) 8(*4B6 M-(+#3. !)*$+#3)3C & 8B")*') &.43*26 d. .$%,4+*3), &8(#"'#-
3. +# ".!.:B 8(."'.!)*(+# -.%.&/ ".8.$% '3)#3/ g(!/ n*3*$#3$> *3*(-
-):+3)* !)*$+#2B:6 7 "(+/"#48, +#"(#& G X:;,4*2Y ) GG X"<1%1,$%*2Y ". 
 10 d.8.$% '3)#3/ "(+/-.%.&#1 d#3 [.-,$1#& m34(,:;.&):+ & W#81#4+)* O*:;3.'.-)) 




M & )'.=:) Q>Sf - 3# HQQ :!3 .'*2, & 1#?3) ")#$8.&*2 & %*!"*(#%,(+* IQQso6 
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4.4#3), .4".&)*43)*2 )'.=:) ".8.$%,> &'#3. &.4C ) &/!)*$+#3.6 Xo;,-
4BY ) X"<1%1,$%BY +#"(#&C 3#1.9.3. 4&,8(.%3)*> ".$1,-,2B: $)C $+"#:;'B 
.(#+ "C4+'*!6 
7 "(+/"#48, +#"(#&/ GGG X%1,$%*2Y &/$%B")1/ %(,43.=:) ".4:+#$ 8.P-
:.&*-. *%#", &8(#"'#3)# ".8.$%, D $81#43)8) &.43* .44+)*')1/ $)C .4 .'*-
)$%/:; & %(#8:)* 3#81#4#3)# +#"(#&/ 3# "1<%3.6 A# .4&(.:), ".4.0(#+)# 
+#.0$*(&.&#3. %1,$%B ".&1.8C $".&.4.&#3B &:;1.3)C:)*! "(+*+ "1<%-
3. .'*2, + +#"(#&/> 3# '):, +#= :;(.".&#%B &#($%&C ".+0#&).3B $".)&#6
W4*:/4.&#3. $)C "(+/-.%.&#@ 8.'*23B X%1,$%BY +#"(#&C & %*3 $#! 
$".$<0> #'* + 3)*&)*'8)! 4.4#%8)*! 8(*4/6 W#"(#&# 3#81#4#1# $)C 0#(4+. 
4.0(+*> 2*43#8 & 8)'8, !)*2$:#:; +#.0$*(&.&#3. ".:+B%8.&* $%#4),! .4-
4+)*'#3)# $)C $81#43)8<& +#"(#&/6 
W* &+-'C4, 3# 3)*+#4.&#'#2B:/ *E*8% +&)B+#3/ + (<93B :;1.33.=:)B 
"#(%)) ".&)*(+:;3) +#"(#&/ %1,$%*2 +4*:/4.&#3. $)C 3# 3#1.9*3)* )+.'#:2) 
& ".$%#:) :)*38)*2 &#($%&/ E#(0/ .'*23*2 g(!/ n*3*$#3$ F:+*(&)*P 9*'#+.-
&#K> + 8%<(*2 ,"(+*43). .4$B:+.3. 3#4!)#( $".)&# .'*23*-. +# ".!.:B 
:;1.33*-. "#")*(, ) ".1B:+.3. + 3)*&)*'8)! 4.4#%8)*! ".8.$%, '3)#3*-.6 
q+/$8#3. 4.0(B "<1-1#48B ".&)*(+:;3)C6 
II.2. Sposób przygotowania spoiw i wybór wypełniaczy
`. 8#94*-. &/0(#3*-. $".)&# & :+C=:) 4.=&)#4:+#'3*2 2#8. &/"*13)#:+ 
+#$%.$.&#3. 0)*' %/%#3.&B +* &+-'C4, 3# ".&$+*:;3.=@ %*-. ")-!*3%, 
& 4+)$)*2$+*2 "(#8%/:* !#'#($8)*26 7 &)C8$+.=:) (*:*"%,( ) ".4#P &/0(#-
3/:; %,%#2 "(+/81#4<& ,9/&#3. 0)*') .1.&).&*26 W* &+-'C4, 3# %(,2B:/ 
:;#(#8%*(> 0)*' .1.&).&# +.$%#1# 4+)$)#2 & 4,9*2 !)*(+* &/"#(%# )33/!)> 
!3)*2 %.8$/:+3/!) ")-!*3%#!)6 `'#%*-. +4*:/4.&#3. $)C 3# &/8.(+/$%#-
3)* 0)*') %/%#3.&*2 2#8. &/"*13)#:+ &* &$+/$%8):; "(+*"(.&#4+.3/:; "(<-
0#:; )!"#$%<&6
b,:;/ ")-!*3% "(+*4 +!)*$+#3)*! +* $".)&#!) &.43/!) ) *!,'$/2-
3/!) 1B:+.3. + &.4B #9 4. ,+/$8#3)# -C$%*2 X"#$%/Y> 8%<(B ,:)*(#3. +# 
".!.:B $+"#:;') 3# "1/:)* $+8'#3*26 b".)&# .'*23* ,:)*(#3. 0*+".=(*43). 
+ $,:;/! ")-!*3%*!6 A#$%C"3)* ")-!*3% 1B:+.3. +* $".)&*! $+"#:;'B 3# 
"1/:)* $+8'#3*2 ',0 ,:)*(#3. & !.?4+)*(+, & "(+/"#48,> 8)*4/ 3#$%B")1/ 
%(,43.=:) & ".1B:+*3), $".)&# ) &/"*13)#:+#6
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b".)&# 8'*2.&* ) *!,'$/23* ,+/$8)&#3. "."(+*+ ,:)*(#3)* & !.?4+)*-
(+, ',0 "."(+*+ &$%(+B$#3)* & +#!/8#3/! 3#:+/3),6 G33* 3)*8)*4/ &/-
!#-#1/ ".4-(+#3)# F$".)&# &.$8.&*> 8#+*)3.&*K6 b".)&# .'*23.59/&):+3* 
,+/$8)&#3. "(+*+ 1B:+*3)* $81#43)8<& & 1#?3) &.43*2 ) !)*$+#3)* "C4+-
'*! ',0 & !.?4+)*(+,6 t.%.&B E#(0C +* $".)&*! & &/0(#3/:; "(+/"#4-
8#:; 4.4#%8.&. !)*$+#3. + &/"*13)#:+#!) F")#$8)*! ) 8(*4BK "C4+'*! 3# 
"1/:)* $+8'#3*26
G!"#$%/ &/8.3/&#3. & V (<93/:; .8(*='.3/:; "(<0#:;a
 — "#:<!& =& 3& E#(0# -C$%# + &)C8$+/! 4.4#%8)*! ")-!*3%, ',0 & +#'*9-
3.=:) .4 (.4+#2, %*:;3)8)> !3)*2$+B )'.=:)B $".)&# FIQDJQ 8(."*' $".-
iwa na 5 cm3 $,:;*-. ")-!*3%,K ',0 !*4),!6 7 +#'*93.=:) .4 (.4+#-
2, E#(0/ & "(<0)* H +3#24,2B $)C %* )!"#$%/> 8%<(/:; "(+*")$/ 3)* .")*-
(#2B $)C 3# $%.$,38, $".)&# ) ")-!*3%,> #'* $%.$,38, &:+*=3)*2 &/8.-
3#3/:; (<93/:; (.4+#2<& E#(06 G3E.(!.&#3* 2*$% %. 3# 0)*9B:. & &/-
3)8#:; )!"#$%<&>
 — "#:<!& >& 3& E#(0# . 8.3$/$%*3:2) >>(+#4$+*2Y + &)C8$+B )'.=:)B $".)&# 
FJQDVQ 8(."*' $".)&# 3# V :!3 $,:;*-. ")-!*3%,K>
 — "#:<!&?&3& E#(0# FJQDJV 8(."*' $".)&# 3# V:!3K 3#81#4#3# $+"#:;'B>
 — "#:<!& @& 3& E#(0# FJQDJV 8(."*' $".)&# 3# V:!3K + 4.4#%8)*! &/"*1-
3)#:+# $%(,8%,(#'3*-. D 4(.03.+)#(3)$%*-. ")#$8,>
 — "#:<!& A& 3& E#(0# FJQDJV 8(."*' $".)&# 3# V:!3K + 4.4#%8)*! &/"*1-
3)#:+# +#-C$+:+#2B:*-. & ".$%#:) 8(*4/6
III. Wyniki
d.4+)#1, #3#')+.&#3/:; $".)& 4.8.3#3. +* &+-'C4, 3# :;#(#8%*( +&)B+#-
3/ + !.9')&.=:)B (.+:)*P:+#3)*! &.4B D $".)&# %+&6 :;,4* ) %* 3)*(.+-
:)*P:+#3* & &.4+)* D %+&6 %1,$%*6 [#4#3. +*$%#& $".)& & (<93/:; 8.!0)-
3#:2#:;6 n*:*"%/ $B +1.9.3* ) +#&)*(#2B (<93*-. (.4+#2, 4.4#%8) & ".$%#:) 
!*4)<&> 8%<(/:; +#4#3)*! 2*$% ,'*"$+*3)* &1#=:)&.=:) E#(0/> %#8):; 2#8 3# 
"(+/81#4a *'#$%/:+3.=@> ;)-(.$8.")23.=@> "(+/:+*"3.=@ 4. ".41.9#> .4".(-
3.=@ 3# +!)#3/ 0#(&3*> :+#$ &/$/:;#3)#> 8.3$/$%*3:2#6 
G$%.%3* 0/1. "(+*#3#')+.&#3)* !.9')&.=:) ,+/$8)&#3)# )!"#$%<& 3# 
".4.0(#+)#:; "1<:)*33/:; + &/8.(+/$%#3)*! %(+*:; %/"<& +#"(#&a %+&6 
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:;,4*2 ) "<1%1,$%*2 D %/" *!,'$2) .'*2 & &.4+)* F.l&K + (<93/! "(.:*3%*! 
)'.=:) $81#43)8# .'*23*-. .(#+ %+&6 %1,$%*2 D %/", &.4# & .'*2,6
m3#')+.&#3. &"1/& (.4+#2, +#"(#&/ 3# !.9')&.=@ ,+/$8#3)# )!"#-
$%<&> 0).(B: ".4 ,&#-C #4;*+2C )!"#$%, 4. ".41.9#6 W#"(#&/ %+&6 :;,-
4* :;#(#8%*(/+,2* $81.33.=@ 4. #0$.(0.&#3)# $".)&# + &#($%& !#'#($8):;6 
d.&/9$+B :*:;C !.93# +3)&*'.&#@> $%.$,2B: )+.'#:2C ',0 4.4#2B: &)C8$+B 
"(.:*3%.&B )'.=@ $81#43)8# .'*23*-. 4. $".)&# +#"(#&/6 Xo;,4#Y +#"(#&# 
*!,'$/23# .8#+#1# $)C 4.0(/! ".41.9*! !#'#($8)! -1<&3)* 4'# $".)& &.-
4.(.+:)*P:+#'3/:;6 W#"(#&/ *!,'$/23* %/", X.'*2 & &.4+)*Y +* +&)C8$+.-
3/! $81#43)8)*! .'*2,> :+/') %+&6 X"<1%1,$%*Y> :;#(#8%*(/+,2B $)C '*"$+B *'#-
$%/:+3.=:)B ) !3)*2$+/! $%."3)*! X:;1.3)C:)#Y $".)& + &#($%&/ !#'#($8)*26 
L*$% 3# %/'* *'#$%/:+3#> #0/ 3)*8)*4/ +(*8.!"*3$.&#@ 0(#8 %*2 :*:;/ & $".-
)&#:; . 3)$8)*2 *'#$%/:+3.=:)> :. $%&)*(4+.3. & 8)'8, "(+/"#48#:; X:;,-
4/:;Y $".)& &.4.(.+:)*P:+#'3/:;6 A#%.!)#$% 3)* 2*$% %#8 0#(4+. :;1.33# 
2#8 X:;,4#Y> "(+*+ :. 3)* &:;1#3)# 3#4!)#(, $".)&# E#(0> :. !)#1. !)*2-
$:* & "(+/"#48, 0#(4+. %1,$%/:; $".)& .'*23.59/&):+3/:; ) .'*23/:;6 XO1,-
$%#Y 2*$% 3#20#(4+)*2 *'#$%/:+3B &=(<4 %(+*:; 0#4#3/:; +#"(#&6 A)*$%*%/> +0/% 
%1,$%* $".)&. !.9* &"1/&#@ 3# +!)#3/ ."%/:+3* 3#81#4#3/:; E#(06 N')$8# 
".&)*(+:;3)# 3#2:+C=:)*2 ,%(,43)# 8.3%(.'C ".4:+#$ !#'.&#3)#6 
b%&)*(4+.3.> 9* 3# 2#8.=@ ) *$%*%/8C )!"#$%<& &"1/&#2Ba -C$%.=@ E#(-
0/> :+#$ $:;3)C:)#> .4".(3.=@ 3# +!)#3/ ."%/:+3* ) !.9')&.=:) E#8%,(#'-
3*6 d.4 &+-'C4*! 8.3$/$%*3:2) 3#2'*")*2 $"(#&4+#2B $)C -C$%* E#(0/> ,!.9-
')&)#2B:* ".+.$%#&)*3)* %(&#1/:; & ")*(&.%3)* ".+.$%#&).3*2 !#$)* )!"#-
$%<& F$".)&# 3)*(.+:)*P:+#'3* & &.4+)*a .'*23.59/&):+3*> .'*23*> &.$8.-
&*> .'*23.5*".8$/4.&*K6 W0/% -C$%# 8.3$/$%*3:2# + 8.'*) ,%(,43)# %&<(:+/> 
3)*(+#48. $+/08) "(.:*$ #"')8#:2) F3)*8%<(* $".)&# 0)#18.&* 3# 0#+)* 9<1%-
8#> &.$8.&*K6 O,%#2 3#2'*")*2 $"(#&4+# $)C $+"#:;'#> 8%<(# ".4 3#:)$8)*! 
& $+/0$+/ $".$<0 +#8(/2* ".41.9*6 W 4(,-)*2 $%(.3/ E#(0/ (+#48)* ,!.9')-
&)#2B .%(+/!#3)* :)*8#&/:; "'#$%/:+3/:; & E.(!)* )!"#$%<&> 8%<(* !.9-
3# 4.&.'3)* 8$+%#1%.&#@ & %(#8:)* "(#:/ F$".)&# &.4.(.+:)*P:+#'3*a 8'*-
2.&*> -,!.&*> 8#+*)3.&*> #8(/'.&*K6 b%&)*(4+.3.> 9* & "(#:/ %&<(:+*2> 
2#8 ) 8.3$*(&#%.($8)*2 3)*+0C43* 2*$% ".+3#3)* :+#$, $:;3)C:)# E#(0/6 c)'-
8,43).&/ ',0 8)'8,-.4+)33/ "(.:*$ &/$/:;#3)# ".+&#'# 3# +#$%#3.&)*3)* 
$)C 3#4 E.(!B ) !.9')&.=@ +!)#3 8.3:*":2) *$%*%/:+3*26 W0/% 41,-)* $:;3)C-
:)* )!"#$%<& &/!#-# "*&3*2 4/$:/"')3/ "(#:/6 A#2'*"$+/! :+#$*! "(+/-
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4#%3/! & ."(#:.&/&#3), )!"#$%<& :;#(#8%*(/+,2B $)C $B $".)&# &.4.-
(.+:)*P:+#'3* 8#+*)3.&*> #8(/'.&* ) &.$8.&*6 u#43* +* $81#43)8<& $".)& 
3)* $B :#18.&):)* .4".(3* 3# 3#%,(#'3* "(.:*$/ $%#(+*3)# .(#+ +!)#3/ ".4 
&"1/&*! &#(,38<& #%!.$E*(/:+3/:;6 b".)&. .'*23* 9<183)*> 4'#%*-. 3#2-
'*")*2 8.(+/$%#@ + .'*2, ".')!*(/+.&#3*-. ',0 -.%.&#3*-.6 b%#(+*3)* $".-
)& 9/&): $+%,:+3/:; ".4/8%.&#3* 2*$% %/"*! 9/&):/> # %#8)* !#%*()#1/ 2#8 
-'):*(/3#> !)<4 :+/ 2#2. 8,(+* & ".4&/9$+.3/:; &#(,38#:; #%!.$E*(/:+-
3/:; !.-B .8#+#@ $)C 3)*.4".(3* 3# !)8(..(-#3)+!/6 A#20#(4+)*2 %(&#1/-
!) ".4 &+-'C4*! $%#0)'3.=:) ."%/:+3*2 $B $".)&# &.4.(.+:)*P:+#'3*a 8'*-
2.&*> -,!.&* ) #8(/'.&* + .-(#3):+.3B )'.=:)B $81#43)8# & ".$%#:) .'*2,6 
d.%&)*(4+.3. &"1/& &/"*13)#:+/ & ".$%#:) 8(*4/ ) ")#$8, 3# 2#8.=@ E#8-
%,(/ )!"#$%,6 d)#$*8> ."(<:+ -1<&3*2 (.') 3#4#3)# &#($%&)* !#'#($8)*2 :*:; 
.8(*='.3*2 E#8%,(/> ".'*"$+#1 3)*8)*4/ #4;*+2C> 2#8 ) :;(.3)1 )!"#$% "(+*4 
$"C8#3)*! F3"6 $".)&# &.4.(.+:)*P:+#'3*a R';!#%& 3S& 5& T &C-'.&.4#3.&* 
3# 0#+)* -,! (.=')33/:;>&7S&4&T 0)#18.&* 3# 0#+)* 9<1%8# ) 0)#18# 2#2# .(#+ 
27S&U2&D 8#+*)3.&*K6 7 "(+/"#48, 3)*8%<(/:; $".)& &.4.(.+:)*P:+#'3/:; 
8(*4B !.93# 0/1. &/*')!)3.&#@ %*34*3:2C 4. $"C8#P F3"6 R';!#%B&27& *& 2V&
D 8#+*)3.&* ',0 2#2.&* D WK> 3)*8)*4/ 8.(+/$%3)* &"1/&#1# 3# :+#$ &/$/-
:;#3)# .(#+ &$".!#-#1# $:;3)C:)* )!"#$%, & :#1*2 !#$)* F$".)&# 3)*(.+-
:)*P:+#'3* & &.4+)* .'*23.59/&):+3* ) .'*23*K6 
d. &/8.3#3), "(<0 #3#')+.&#3.a
 v "(+/:+*"3.=@ 4. ".41.9#>
 v !.9')&.=@ ,+/$8)&#3)# &/$.8):; &#($%& 0*+ %*34*3:2) 4. .4$"#2#3)# 
) 8(,$+*3)# )!"#$%<&>
 v ,+/$8)&#3)* "'#$%/:+3/:; *E*8%<&a
 v E#8%,(C>
 v &/-'B4 ".&)*(+:;3) D 01/$+:+*3)* ) !#%.&.=@6
n.4+#2* )!"#$%<& ".4+)*'.3. &- !.9')&.=:) %/:; (.+:)*P:+#3/:; &.-
4B .(#+ 3)*(.+:)*P:+#'3/:;6
 I. b".)&# 0)#18.&*
& =( 3# 0#+)* 8'*2, -',%/3.&*-.a
 w &.4.(.+:)*P:+#'3*a
 — G!"#$% 3( H FVQ - V k (.+%&.(, 8'*2, $8<(3*-.> I - -,-
!/ %(#-#38.&*2 F& ".$%#:) $,:;*2K> 8)'8# 8(."*' -'):*(/-
3/> HV :!3 0)*') %/%#3.&*2K
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 — G!"#$% 3( Hm F$".)&. %. 2*$% 4(,-)! &#()#3%*! $".)&# 
&/8.(+/$%#3*-. & XG!"#=:)* 3( HY11> SU :+6 .026 Vk (.+-
%&.(, 8'*2, $8<(3*-.> SU :+6 .026 S k -,!/ %(#-#38.-
&*2 F(.+%&<( -,!/ %(#-#38.&*2K> S :+6 .026 -'):*(/3/> HV 
cm3 0)*') %/%#3.&*2K
 v G!"#$% 3( IHI FH :+6 .026 E#(0/ %*!"*(.&*2 FH :+6 .026 
9<1%8#> H :+6 .026 .:%, &)33*-.> HV :!J 0)*') %/%#3.&*2K> 
Q>IV :+6 .026 Vk 8'*2, 8.$%3*-.K
 v G!"#$% 3( Im F+4*:/4.&#3. $)C 3# "(+/-.%.&#3)* E#(-
0/ 3( I & )33/ $".$<0 +* &+-'C4, 3# 0(#8 ".4#3/:; 
)3E.(!#:2) 3# %*!#% E#(0/ %*!"*(.&*26 W!)*3).3. (<&-
3)*9 (.4+#2 8'*2,6
  H :+6 .026 E#(0/ %*!"*(.&*2 FH :+6 .026 9<1%8# 2#2#> 
H :+6 .026 .'*2, -.%.&#3*-.HJ> HV :!J 0)*') %/%#3.&*2K> 
Q>IV :+6 .026 Vk 8'*2, $8<(3*-.K FG'6 VDRmK
b".)&# %* 3)* 3#4#2B $)C 4. 3#3.$+*3)# &/$.8):; )!"#$%<& 3# ".4-
.0(#+), "1<:)*33/! +* &+-'C4, 3# 3)$8B *'#$%/:+3.=@> ".&.4,2B:B $"C8#-
3)#6 7 3)9$+/:; &#($%&#:; +#:;.&,2B $)C '*")*2> -1<&3)* 3# +#"(#&)* X:;,-
4*2Y6 Z.93# "."(#&)@ ):; *'#$%/:+3.=@ "."(+*+ 4.4#3)* ")#$8, FR';!#%B&
9"& 2S& US& U@K6 `.4#%*8 $%(,8%,(#'3/ 3#2'*")*2 &"1/3B1 3# R';!#%& 9"& 2> -4/9 
%/'8. & %*2 "(<0)* D "(<0)* 3( S D &#($%&# !#'#($8# &/8#+/&#1# $)C 3#2-
'*"$+B #4;*+2B> 4.4#%8.&. 3# +#"(#&)* X%1,$%*2Y6 c(*4# X.4:;,4+)1#Y E#(0C 
. $".)&#:; X:;,4/:;Y 0)#18.&/:;> :. & 8.3$*8&*3:2) $".&.4.&#1. $+/0-
8)* 8(,$+*3)* 3#3)*$).3/:; )!"#$%<&6 Z)!. +1/:; &/3)8<&> E#(0/ 3# "(+/-
81#4+)* R';!#%I:&2>&U i U@> 3#4#2B:/:; $)C 4. 3)$8):; &#($%&> !.93# &/8.-
(+/$%#@ +* &+-'C4, 3# -C$%B 8.3$/$%*3:2C> 3#&*% + &)C8$+B )'.=:)B $".)&# 
 11 Z.&# . -,!)* %(#-#38.&*2 & (.+%&.(+* 8'*2,> 4'#%*-. +4*:/4.&#3. $)C &/8.3#@ 4&# 
$".)&# + -,!B %(#-#38.&B (.+",$+:+.3B & (.+%&.(+* 8'*2, .(#+ (.+%&.(*! -,!/ %(#-#3-
8.&*2 & (.+%&.(+* 8'*2, 8.$%3*-.> +#a b6 r#:83*/> n6 L.3*$> L6 O.&3$*34> O!*9%& !9A&O=";,J
#.?&@& #%=AB& ,N & %.CH9*M=.& *9&X"*%*#H&@"%> e.34.3 Hfff> $6 RU6
 12 O*:;3)8# &/8.(+/$%,2B:# %. $".)&. 3#+/&#3# 2*$% Y.& %".';.& Z& (!& C,((.& F8'*2 ) %*!"*(#K6 
d(.".(:2* $81#43)8<& +.$%#1/ 4.0(#3* "(+*+ #,%.(# 3)3)*2$+*2 "(#:/6 x4-#( `*-#$ &/8.-
(+/$%#1 %C %*:;3)8C & .0(#+)* L!9C.")*&9!& (*9*.&$&HUhR (.8,6 i#(0/ 3#81#4# $)C 3# :)*"1.> +#a 
Z6 `.*(3*(> ."6 :)%6> $6 IJU6
 13 M'*2 '3)#3/ -.%.&#3/ +.$%#1 "(+/-.%.&#3/ & W#81#4+)* O*:;3.'.-)) ) O*:;3)8 Z#'#(-
$8):; qZc & O.(,3),6
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"(<0/ I> 4. ".&1.8 +#:;.&,2B:/:; 4*')8#%3/ 4,8% "C4+'#6 7$+/$%8)* 0#-
4#3* $".)&# $B .4".(3* 3# +!)#3/ 0#(&/ .(#+ &/8#+,2B 8(<%8) :+#$ &/$/-
:;#3)#6 G!"#$%/ :;#(#8%*(/+,2* !#%.&# ',0 "<1!#%.&# ".&1.8#6
& >. N# 0#+)* 2#2# 8,(+*-.a
 w &.4.(.+:)*P:+#'3*a
 y 9<1%8. 2#2# D G!"#$% 3( h FH :+6 .026 9<1%8# 2#28# 8,(+*-
-.> H :+6 .026 .:%, &)33*-.> HV :!3 0)*') %/%#3.&*2K
 y 0)#18. 2#2# D G!"#$% 3( U14 Fz :+6 .026 (.+%&.(, #1,3, 
FHaHQ & &.4+)*K> H :+6 .026 0)#18#15> HV :!3 0)*') %/%#3.&*2
 — G!"#$% 3( f F$".)&. %. 2*$% &#()#3%*! $".)&# R'J
;!#%=& 9"& 4 z :+6 .026 (.+%&.(, #1,3, FHaHQ & &.-
4+)*K> H :+6 .026 0)#18#> 1l
3
 :+6 .026 HQk 9/&):/ !#-
$%/8$.&*2 & .'*28, %*("*3%/3.&/!> HV :!3 0)*') %/-
%#3.&*2K FG'6 hDUmK
 y :#1* 2#2. D G!"#$% 3( HS16 FH :+6 .026 :#1*-. 2#28#> H :+6 
.026 IVk !#$%/8$, & .'*28, %*("*3%/3.&/!> H :+6 .026 
&.4/> 8)'8# 8(."*' +#-C$+:+.3*-. .'*2,> HV :!3 0)*') %/-
tanowej)
 y *!,'$2# 9<1%8.&# D %/", X.'*2 & &.4+)*Y D G!"#$% 
nr 10Hh FH :+6 .026 0)*') %*!"*(.&*2 FH :+6 .026 9<1%8#> 
H :+6 .026 .:%, &)33*-.> V :!3 0)*') %/%#3.&*2K> H :+6 .026 
E#(0/ .'*23*2 FV :!3 $,:;*-. ")-!*3%,> .'*2 '3)#3/ $/8#-
tywowany18)
 — G!"#$% 3( HH19 FH :+6 .026 9<1%8# 2#28# 8,(+*-.> 
H :+6 .026 E#(0/ .'*23*2 F.'*2 '3)#3/ g(!/ n*3*$#3$> 
15 cm3 0)*') %/%#3.&*2K 
 14 Z6 `.*(3*( "(+/")$,2* %*!, $".)&, "(+/4#%3.=@ 4. )!"#$%<&> +#a Z6 `.*(3*(> 
."6 :)%6> $6 HSI6 
 15 N&)*9* 0)#18. ,0)%. 3# ")#3C6 M4$%#&).3. #9 4. ,"1/33)*3)#6 
 16 b".)&. %. &/8.(+/$%/&#1 M%%. `)j6 i#(0C . %/! $".)&)* !#'#(+ 3#81#4#1 & 8)'8, 
&#($%&#:; #9 4. ,+/$8#3)# X$)'3*-. )!"#$%,Y> +#a Z6 `.*(3*(> ."6 :)%6> $6 ISR6 
 Hh m6 d6 e#,()*> LH.& ;!*9%."[#&+.%H,A#& !9A&+!%."*!(#> e.34.3 HfUJ> s. 165.
 18 M'*2 '3)#3/ $/8#%/&.&#3/ D ".8.$% '3)#3/ +.$%#1 "(+/-.%.&#3/ & W#81#4+)* O*:;3.-
'.-)) ) O*:;3)8 Z#'#($8):; qZc & O.(,3),6
 19 b".)&. %. :;#(#8%*(/$%/:+3* 2*$% 4'# M%%. `)j#> 3)*!)*:8)*-. !#'#(+# ".:+B%8, __ 
&)*8,> +#a Z6 `.*(3*(> ."6 :)%6> $6 ISh6 
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b".)&# 0)#18.&* 3# 0#+)* 2#2# 8,(+*-. 3#2'*")*2 +#:;.&,2B $)C 3# +#-
"(#&)* X:;,4*2Y ) X"<1%1,$%*2Y6 A# +#"(#&)* X%1,$%*2Y 4.0(* &/3)8) &/8#-
+,2B )!"#$%/ + 4.4#%8)*! ")#$8, FR';!#%&7& *&4K> 8%<(/ !# &"1/& 3# '*"$+B 
"(+/:+*"3.=@6 o*:;B :;#(#8%*(/$%/:+3B 4'# %/:; $".)& 2*$% 4.0(# $%#0)'3.=@ 
."%/:+3#> 2#8 ) 3)*+0/% -C$%# 8.3$/$%*3:2# F."(<:+ $".)&# 2#2.&.59/&):+-
3*-.K> "(+*8(*='#2B:# ,+/$8)&#3)* &/$.8):; )!"#$%<&6 M-(#3):+*3)* )'.=:) 
$".)&#> ".&.4,2* +#-C$+:+*3)* E#(0/ F"(<0# HK> "(+*4* &$+/$%8)! & R';!J
#%!CH& 7>& V> :. & 3#$%C"$%&)* "(.&#4+) 4. 8(,$+*3)# 0)*')6 W0/% -C$%# 8.3-
$/$%*3:2# + 8.'*) ,3)*!.9')&)# $&.0.43* ".$1,-)&#3)* $)C "C4+'*! $+:+*-
:)3.&/!6 e*"$+* &/3)8) &/8#+,2* $+"#:;'#> 8%<(# ".4 &"1/&*! $)1/ 3#-
:)$8, 4.0(+* (.+"(.&#4+# E#(0/ & :)*38):; &#($%&#:;6 `.4#%*8 9/&):+-
3/ & $".)&)* R';!#%=& 23 ".&.4.&#1 $+/08)* -C$%3)*3)* 0)*')> :. ;#!.&#-
1. $&.0.43* !#'.&#3)*6 G!"#$%/ . %/! $".)&)* $+/08. "C8#2B & -(,0/:; 
&#($%&#:;6 d.4.03)* 0/1. & "(+/"#48, $".)& 3# 0#+)* 0)#18# 8,(+*-. FR'J
;!#%B& 9"& 4& *& VK6 `.4#%*8 9/&):/ !#$%/8$.&*2 R';!#%=& 9"& V> & ".(<&3#3), 
+ %.9$#!/! $".)&*! R';!#%=& 9"&4> $".&.4.&#1 +#-C$+:+*3)* .(#+ $+/08)* 
".2#&)*3)* $)C 8(#8*',( & &#($%&)* !#'#($8)*26 `.4#%*8 ")#$8, 3)*8)*4/ ".-
'*"$+#1 "(+/:+*"3.=@ 4. ".41.9/6
 w 3)*(.+:)*P:+#'3* & &.4+)*a
 y *!,'$2# 9<1%8.&# D %/", X&.4# & .'*2,Y D G!"#$% 3( HI20 
FH :+6 .026 E#(0/ .'*23*2 F.'*2 '3)#3/ g(!/ n*3*$#3$> V :!3 
0)*') %/%#3.&*2K> p :+6 .026 E#(0/ %*!"*(.&*2 FH :+6 .026 
9<1%8#> H :+6 .026 .:%, &)33*-.> V :!3 0)*') %/%#3.&*2K> 
8)'8# 8(."*' &.4/> p :+6 .026 9<1%8# 2#28# 8,(+*-.K
 — G!"#$% 3( HJ21 FH :+6 .026 0)*') %*!"*(.&*2 FH :+6 
.026 9<1%8#> H :+6 .026 .:%, &)33*-.> V :!3 0)*') %/-
%#3.&*2K> J :+6 .026 E#(0/ .'*23*2 F.'*2 '3)#3/ $/8#-
%/&.&#3/> V :!3 0)*') %/%#3.&*2K
 — G!"#$% 3( HV22 FH :+C=@ 2#28# F:#1* 2#28.K> H :+C=@ 
!#$%/8$, FIVk !#$%/8$ & .'*28, %*("*3%/3.&/!K> 
 20 Z6 `.*(3*(> ."6 :)%6> $6 IHR6
 21 b".)&. %. :;#(#8%*(/$%/:+3* 2*$% 4'# x' t(*:# D _{GG5&)*:+3*-. ;)$+"#P$8)*-. !#-
'#(+# &/8.(+/$%,2B:*-. )!"#$% & !#'#($%&)*> +#a )0)4*!> $6 IHU6
 22 G0)4*!> $6 ISh6
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10 cm3 0)*') %/%#3.&*2> H :+C=@ E#(0/ .'*23*2 F.'*2 
'3)#3/ g(!/ n*3*$#3$> V :!3 0)*') %/%#3.&*2KK 
FG'6 HfDIQmK
 — G!"#$% 3( HR23 FJ :+6 .026 9<1%8# 2#2# 8,(+*-.> 
HDI :+6 .026 4#!#(/ F(.+%&<( 9/&):/ 4#!#(.&*2 
& %*("*3%/3)* HaHK> H :+6 .026 %*("*3%/3/> HV :!3 
0)*') %/%#3.&*2K
b".)&# %* &/8#+/&#1/ '*"$+* &/3)8) & ,+/$8)&#3), &/$.8):; &#($%& 
3# &$+/$%8):; (.4+#2#:; +#"(#&/6 d.&1.8) )!"#$%<& $B "<1!#%.&* ',0 
0#(4+)*2 ".1/$8,2B:*6 7#($%&# !#'#($8# 3#&*% + 4,9B )'.=:)B ")-!*3%, 3)* 
8(,$+/ $)C> &/8#+,2* $)C 4.0(B #4;*+2B 4. %(+*:; (.4+#2<& +#"(#&6 G3#-
:+*2 +#:;.&/&#1 $)C R';!#%&9"&25> 8%<(*-. &#($%&/ !#'#($8)* $+/08. "."C-
8#1/ ) .4$"#2#1/ $)C> R';!#%& 9"&2W> 8%<(/ &/!#-#1 !3)*2$+*-. 4.4#%8, $".-
)&#> #0/ 2*-. 8.3$/$%*3:2# 3#4#&#1# $)C 4. "'#$%/:+3/:; $%(,8%,(6 W0/% 4,-
9/ 4.4#%*8 ")-!*3%, $"(#&)#1> 9* 3)*!.9')&* 0/1. $&.0.43* 3#81#4#3)* 
"C4+'*! 3# ".4.0(#+)#6 7/"*13)#:+ $%(,8%,(#'3/ & &)C8$+.=:) "(+/"#48<& 
F."(<:+ R';!#%=& 2\K $%#0)')+.&#1 )!"#$%/6
& ?(& N# 0#+)* 8'*2, 8#+*)3.&*-.a
 w &.4.(.+:)*P:+#'3*a
 y 3# 0#+)* 8'*2, 8#+*)3.&*-. D G!"#$% 3( HU24 FH :+6 .026 
roztworu kazeiny25> H :+6 .026 .'*28, %*("*3%/3.&*-.> 
H :+6 .026 %*("*3%/3/ &*3*:8)*2> HV :!3 0)*') %/%#3.&*2K 
FG'6 fDHQmK
 — G!"#$% Hf26 FI :+6 .026 8'*2, 8#+*)3.&*-. F(.+%&<( 
kazeinyIhK> H :+6 .026 &*(3)8$, 4#!#(.&*-. F&*(-
 23 d6 i(B:+*8> ].),9#%"=)CD!& %.CH9*)*& %.';.",:.D& :&'!(!"#%:*.&^_&:?& 9!& ;"$B)-!A$*.& :B<"!9BCH&
,<"!$I:& $&+=$.='&:&L,"=9*=> "(#:# !#-)$%*(8# ".4 8)*(6 "(.E6 L6 i')8#> O.(,P HffR> $6 IJ6
 24 d6 i(B:+*8> ].),9#%"=)CD!`> s. 24.
 25 HQQQ - $*(# :;,4*-.> =&)*9*-.T HVQ - 0.(#8$, & Q>V ' &.4/6 `. $*(# "(+*%#(%*-. 
"(+*+ $)%. &$/",2* $)C 0.(#8$> +#'*&# VQQ - &.4/6 d. 8)'8, -.4+)3#:; %&.(+/ $)C 2*43.')%# 
!#$#6 d.+.$%#1* $81#43)8) *!,'$2) 4.4#&#3. !)*$+# $)C 3# +)!3. & !.?4+)*(+,6 b".)&. 
8#+*)3.&* &/8.3#3. &- "(+*")$,> +#a L6 i')8> O,"%".%&+*),-!D!& a,;."9*)!& $&+=$.='&G)"K0,J
:.0,&:&L,"=9*=?& /%=A*='&:!"#$%!%=&'!(!"#)*.0,> O.(,P HffQ> $6 Jh6
 26 d6 i(B:+*8> ].),9#%"=)CD!`> s. 24.
 Ih d#%(+ "(+/")$ IS6
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3)8$ g(!/ n*3*$#3$K> Q>I :+6 .026 HQ k %/!.',> HV 
cm3 0)*') %/%#3.&*2K 
 — G!"#$% IH28 FHQ :+6 .026 '#8)*(, !#$%/8$.&*-. 
(1 :+6 !#$%/8$, ) J :+6 .'*28, %*("*3%/3.&*-.K> U 
:+6 .026 4(.03. ".8(,$+.3*-. &.$8, F(.+",$+:+.-
3*-. & !#'*2 )'.=:) %*("*3%/3/K> HQ :+6 .026 (.+%&.-
(, 8#+*)3/> HQ :+6 .026 &.4/> HV :!3 0)*') %/%#3.&*2)
 y *!,'$2# 8#+*)3.&# D %/", X.'*2 & &.4+)*Y D G!"#$% 
3( Hh FH :+6 .026 (.+%&.(, 8#+*)3/29> H :+6 .026 .'*2, 
'3)#3*-. F.'*2 '3)#3/ -.%.&#3/K> HV :!3 0)*') %/%#3.&*2K
 — G!"#$% IJ30 FHQQ :+6 &#-6 8#+*)3/ F& E.(!)* %&#(.-
-,K> IVQ :+6 &#-6 &.4/> U :+6 &#-6 #!.3)#8, F,9/-
%. 0.(#8$,K> VQ :+6 &#-6 .'*2, !#8.&*-.> HV :!3 
0)*') %/%#3.&*2K
b".)&# 3#4#2B $)C 4. 3)$8):; )!"#$%<&6 [#4#3)# ".8#+#1/> 9* )! &)C-
:*2 $".)&#> %/! -(,0* &#($%&/ +#:;.&,2B $)C '*")*2 3# %(+*:; %/"#:; +#-
"(#& F+ &/2B%8)*! R';!#%=& 9"& 24>& U\> & ):; &#($%&)* !#'#($8)*2 ".2#&)1/ 
$)C !)8(.$"C8#3)#K> + 4(,-)*2 $%(.3/ %# $#!# )'.=@ $".)&# ".&.4,2* (+#4-
8B 8.3$/$%*3:2C 3)&*',2B:B ,+/$8#3)* +#!)*(+.3*2 E.(!/ &/$.8)*-. )!"#-
$%, D & %(#8:)* &/$/:;#3)# )!"#$%/ X+#"#4#2B $)CY6 7 &)C8$+.=:) "(+/"#4-
8#:; 4.4#%8) .0, &/"*13)#:+/ D 8(*4/ ) ")#$8, D .03)9#1/ #4;*+2C 4. ".4-
1.9#> $".)$%.=@ E#(0/ +#= 2*$% 4.0(#6 7 "(+/"#48, R';!#%I:& 9"& 2V> U\>& Ub> 
3#2-.($+B "(+/:+*"3.=:)B :;#(#8%*(/+.&#1 $)C R';!#%&9"&2V> . $".)&)* + 4.-
4#%8)*! &*(3)8$, 4#!#(.&*-.6 Xo;,4/Y :;#(#8%*( $".)&> . 3)$8)*2 *'#$%/:+-
3.=:)> &/!#-# !#'.&#3)# 3# X:;,4/!Y ".41.9,6 `.4#%*8 &.$8, 4. $".-
iwa R';!#%=& 9"& U2 "."(#&)1 *'#$%/:+3.=@6 `+)C8) 3)*!, E#(0# :;#(#8%*(/-
+,2* $)C %(&#1.=:)B> 3#&*% 3# +#"(#&)* X%1,$%*2Y6 A#2'*")*2 +."%/!#')+.&#@ 
)'.=@ 4.4#&#3*-. $".)&# ) "(+*"(.&#4+)@ "(+*4 ,9/:)*! "(<0/a +0/% !#-
1# )'.=@ $".)&# & ".(<&3#3), 4. )'.=:) ")-!*3%, & E#(0)* ".&.4,2* $+/0-
 28 b".)&. %#8)* 3#4#2* $)C 4. %*:;3)8) "#$%.$.> +#a e6 e.$.$>& L.CH9*)*&'!(!"#)*.> 7#($+#-
&# HffH> $6 hQ6
 29 `. $".)&# &/8.(+/$%#3. %C $#!B> :. & R';!#%!CH&9"&24S&2VS&U\S&U2S&UUS&Ub> &:+*=3)*2 
"(+/-.%.&#3B 8#+*)3C F"#%(+ "(+/")$ ISK6 
 30 i#(0# . %#8)! $".)&)* 2*$% "(+/4#%3# 4. ,+/$8#3)# &#($%& ;!#%,#,> +#a e6 e.$.$> ."6 
:)%6> $6 hQ6
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8)* "C8#3)*> 3#&*% 3# X:;,4*2Y +#"(#&)*> +0/% 4,9# + 8.'*) ,%(,43)# 3#81#-
4#3)* 8.3%(.'.&#3/:; E.(! )!"#$%<&6 d(+/4#%3B :*:;B $".)& 8#+*)3.&/:; 
2*$% $%#0)'3.=@ ."%/:+3#> ".4 &#(,38)*! .-(#3):+*3)# $81#43)8# .'*)$%*-.6 
 w 3)*(.+:)*P:+#3* & &.4+)*a
 y *!,'$2# 8#+*)3.&# D %/", X&.4# & .'*2,Y D G!"#$% 
nr 2231 FH :+6 .026 %*!"*(/ 8#+*)3.&*2 FJ :+6 .026 (.+-
%&.(, 8#+*)3/> H :+6 .026 .'*2, '3)#3*-. -.%.&#3*-.> V 
cm3 0)*') %/%#3.&*2K> H :+6 0)*') .'*23*2 F.'*2 '3)#3/ $/8#-
%/&.&#3/> V :!3 0)*') %/%#3.&*2K FG'6 IHDIImK
O. $".)&. 3#4#2* $)C 4. .%(+/!/&#3)# )!"#$%<& FR';!#%B& 9"& 27>& UU) 
D ". 4.4#3), 8(*4/> 4.4#%8.&. &+0.-#:.3/:; 1#-.43/! 4,8%*! "C4+'# 
(UUK6 i#(0#!) . %/! $".)&)* !.93# .$)B-3B@ (<93* *E*8%/ !#'#($8)*> ".-
$1,-,2B: $)C "C4+'*! ) $+"#:;'B6 M4+3#:+#2B $)C 4.0(B #4;*+2B 4. &$+/$%-
8):; %/"<& +#"(#&6 o+#$ $:;3)C:)# 2*$% "(+/4#%3/ & E.(!.&#3), +#!)*(+.-
3/:; $%(,8%,( ) ."(#:.&/&#3), & !.8(*2 E#(0)* 2,9 3# ".41.9,6 `.4#%*8 
8(*4/ ) ")#$8, $"(+/2# ,+/$8)&#3), :)*8#&/:; E#8%,(> 0*+ &/(#?3/:; $"C-
8#P6 M4".(3.=@ 3# +!)#3/ ."%/:+3* %*-. (.4+#2, $".)& ,+#'*93).3# 2*$% 
.4 )'.=:) ) 2#8.=:) .'*2,6
&''(& B"CD$!&$EF,C$C8!GC$H& IG!&<!4DH&F+*&#CJ,DGG%67K
 w &.4.(.+:)*P:+#'3*a
 y 3# 0#+)* -,! (.=')33/:; D G!"#$% 3( S32 FH :+6 .026 (.+%&.-
(, -,!/ #(#0$8)*2 FHaIK> H :+6 .026 (.+%&.(, -,!/ =')&.&*2 
FHaIK> 8)'8# 8(."*' !).4,> p :+6 .026 .:%, &)33*-.> 8)'8# 8(.-
"*' 9<1%8# 2#28# 8,(+*-.> 1l
3
 :+6 .026 Sk (.+%&.(, -,!/ %(#-
-#38.&*2> HV :!3 0)*') %/%#3.&*2K
 y *!,'$2* -,!.&* D %/", X.'*2 & &.4+)*Y D G!"#$% 3( J33 (5 
:+6 .026 -,!/ #(#0$8)*2> HQ :+6 .026 &.4/> HDJ :+6 .026 -'):*(/-
3/> HQDIQ :+6 .026 .'*2, ".')!*(/+.&#3*-. F.'*2 '3)#3/ -.%.-
&#3/K> HV :!3 0)*') %/%#3.&*2K
 31 b".)&. %. 3#4#2* $)C 4. ,+/$8#3)# )!"#$%<&> +#a Z6 `.*(3*(> ."6 :)%6> $6 HQf6
 32 d(.".(:2* $".)&# +.$%#1/ 4.0(#3* "(+*+ #,%.(8C6
 33 [6 b'#3$8|> L.CH9*)!&'!(!"#%:!>& %?&H> 7#($+#&# HfRV> $6 ISh6
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 — G!"#$% 3( V34 FV :+6 .026 (.+%&.(, -,!/ #(#0$8)*2 FHaIK> H 
:+6 .026 .'*2, '3)#3*-. Fg(!/ n*3*$#3$K> H :+6 .026 &*(-
3)8$, 4#!#(.&*-. F(.+%&<( 9/&):/ 4#!#(.&*2 & %*(-
"*3%/3)* HaIK> S :+6 .026 -'):*(/3/> HV :!3 0)*') %/%#3.-
&*2K FG'6 HHDHImK
 — G!"#$% 3( R35&FV :+6 .026 (.+%&.(, -,!/ =')&.&*2 FSkK> I 
:+6 .026 .'*2, '3)#3*-. Fg(!/ n*3*$#3$K> I :+6 .026 &*(-
3)8$, 4#!#(.&*-. F(.+%&<( 9/&):/ 4#!#(.&*2 & %*(-
"*3%/3)* HaIK> S :+6 .026 -'):*(/3/> HV :!3 0)*') %/%#3.&*2K
b".)&# %* 3)* 3#4#2B $)C 4. &/$.8):; )!"#$%<&6 7#($%&# !#'#($8# 
. $".)&)* -,!.&/! &.4.(.+:)*P:+#'3/! &/8#+,2* 3)$8B *'#$%/:+3.=@ 4. 
".4.0(#+) "1<:)*33/:;6 [#4#3)# &/8#+#1/> 9* 3#2'*"$+* &/3)8) ,+/$8#1/ E#(-
0/ . %/! $".)&)* 3# +#"(#&)* X%1,$%*2Y6 d(#&4.".4.03)* + ".&.4, *'#-
$%/:+3/:; $81#43)8<& $".)&#a R';!#%&9"&3 + 4.4#%8)*! !).4,> 9<1%8# ) R'J
;!#%& 9"&W& *&5 + .'*2*!> 4+)C8) 8%<(/! !.9')&* 2*$% .$)B-#3)* =(*43)*2 &/$.-
8.=:) &#($%&/> 3#&*% 3# +#"(#&)* X%1,$%*2Y6 A# +#"(#&)* X:;,4*2Y E#(0/ &/-
8#+/&#1/ -.($+B #4;*+2C6 e*"$+*2 #4;*+2) $"(+/2# (<&3)*9 4.4#%*8 -'):*(/-
3/> 8%<(/ 3)*+3#:+3)* "."(#&)1 "(+/:+*"3.=@> 2#8 ) $".)$%.=@6 b%&)*(4+.3.> 
9* !.93# ".'*"$+/@ &1#=:)&.=:) #4;*+/23* 4.4#%8)*! ")#$8, FR';!#%&9"&3). 
`.4#%*8 &/"*13)#:+/> & $+:+*-<'3.=:) 8(*4/> 3)* $"(+/2# 4.0(*!, +#:;.-
&#3), $)C &#($%&/ !#'#($8)*2 +* $%.$,38.&. 4,9B )'.=:)B ")-!*3%,6 G! E#(-
0# 2*$% -C=:)*2$+#> & "(<0)* H> %/! )'.=@ 8(*4/ ".&)33# 0/@ 0#(4+)*2 .-(#-
niczona (W>& 5K6 d(+/81#4 R';!#%=& 9"& 5&".8#+#1> 9* 8(*4# !.9* $%#0)')+.&#@ 
&#($%&C )!"#$%,> ".4:+#$ -4/ 3)* +#.0$*(&.&#3. ".+/%/&3/:; &/3)8<& 
& ".+.$%#1/:; "(<0#:;6 R';!#%& 9"& b '*")*2 +#:;.&,2* $)C 3# :;,4$+/:; +#-
"(#&#:;> + 8.'*) 3# +#"(#&)* X%1,$%*2Y D E#(0# &/(#?3)* $)C "*(')1#6 G!"#-
$%/ !#2B ".&1.8C !#%.&B .(#+ :;#(#8%*(/+,2B $)C 4.=@ 4.0(B $%#0)'3.=:)B 
."%/:+3B> ."(<:+ R';!#%=& 9"& 5> "(#&4.".4.03)* +* &+-'C4, 3# $81#43)8 
.'*2, '3)#3*-. -.($+*2 8#%*-.())6
 '''(&B"CD$!&C,H.GCLM%$D64GH
 w 3)*(.+:)*P:+#'3* & &.4+)*a
 34 G0)4*!> $6 ISh6
 35 76 N'*$)P$8)> L.CH9*)*&'!(!"#)*.& T& #;,*:!& ,"0!9*C$9.> 7#($+#&# HfUS> $6 IRV6
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 — G!"#$% 3( IS36 FH :+6 .026 .'*2, '3)#3*-. Fg(!/ n*3*$#3$K> 1l
3 
:+6 .026 %*("*3%/3/ &*3*:8)*2> HV :!3 0)*') %/%#3.&*2K
 — G!"#$% 3( IVJh FH :+6 .026 .'*2, '3)#3*-. Fg(!/ n*3*$#3$K> .'*-
2*8 %*("*3%/3.&/ 4. (.+:)*P:+#3)#> 1l
5 
:+6 .026 %*("*3%/3/ &*-
3*:8)*2> HV :!3 0)*') %/%#3.&*2K
 — G!"#$% 3( IR38 FH :+6 .026 .'*2, '3)#3*-. $/8#%/&.&#3*-.> H 
:+6 .026 !#$%/8$ & .'*28, %*("*3%/3.&/! HaI> HV :!3 0)*') %/-
%#3.&*2K FG'6 IJDISmK
 — G!"#$% 3( Ih F$".)&. %. 2*$% &#()#3%*! $".)&# R';!#%=&9"&U5> 
H :+6 .026 .'*2, '3)#3*-. $/8#%/&.&#3*-.> H :+6 .026 !#$%/8-
$, & .'*28, %*("*3%/3.&/! HaI> 8)'8# 8(."*' &.$8, "$+:+*'*-
-. F(.+",$+:+.3*-. 3# :)*"1. 3# 1#?3) &.43*2K> 15 cm3 0)*') 
tytanowej)
 — G!"#$% 3( IU39 FH :+6 .026 .'*2, .(+*:;.&*-. Fg(!/ Z#)!*()K> 
H :+6 .026 !#$%/8$, & .'*28, %*("*3%/3.&/! HaI> HV :!3 0)*-
') %/%#3.&*2K
 — G!"#$% 3( If40 FH :+6 .026 .'*2, .(+*:;.&*-. Fg(!/ Z#)!*()K> 
1l
3
 :+6 .026 %*("*3%/3/ &*3*:8)*2> 1l
3
 :+6 .026 !#$%/8$, & .'*2-
8, %*("*3%/3.&/! HaI> HV :!3 0)*') %/%#3.&*2K
 — G!"#$% 3( JQ41 (1l
3
 :+6 .026 &*(3)8$, !#$%/8$.&*-.42> 2l
3
 cz. 
.026 .'*2, !#8.&*-. Fg(!/ Z#)!*()K> HV :!3 0)*') %/%#3.&*2K
 v G!"#$% 3( JH43 FH :+6 .026 .'*2, !#8.&*-. Fg(!/ Z#)!*()K> H 
:+6 .026 4#!#(/ (.+",$+:+.3*2 & %*("*3%/3)* & $%.$,38, HaI> 
 36 b".)&. %. 3#+&#3* 2*$% "(+*+ #,%.(# X:)#1*! -C$%."1/33/!Y> +#a [6 b'#3$8|> ."6 :)%6> $6 JIV6
 Jh L6 r."')P$8)> c!"<B& *& #;,*:!&'!(!"#)*.> 7(.:1#&Dc(#8<&Dt4#P$8D}<4? HffQ> $6 HHH6
 38 b".)&. %. & ')%*(#%,(+* .0:.2C+/:+3*2 %. '.0*(;6 7/8.(+/$%/&#1 2* !6)36 7)'')#! O,(-
3*( D #3-)*'$8) !#'#(+ _G_ &)*8, ."*(,2B:/ &/$.8)! $&.0.43/! )!"#$%*!> +#a b6 r#:8-
3*/>&O!*9%& !9A&O=";,#.`> $6 VQ6 
 39 b%.$.&#1 2* {#3 `/:8> +#a Z6 `.*(3*(> ."6 :)%6> $6 IIS6 
 40 b".)&# %*-. !<-1 ,9/&#@ n*!0(#34%> +#a )0)4*!> $6 IJQ6
 41 b".)&# %*-. ,9/&#1 !#'#(+ b%)*'*(> +#a )0)4*!> $6 IQh6
 42 7*(3)8$ "(+/-.%.&#1 !-( O.!#$+ b+/!:+#8 & W#81#4+)* O*:;3.'.-)) ) O*:;3)8 Z#-
'#($8):; qZc & O.(,3),6 n.+",$+:+.3. V -(#!<& 9/&):/ !#$%/8$.&*2 & SV !)')')%(#:; 
".8.$%, 3# 1#?3) &.43*2> ,+/$8,2B: HQk &*(3)8$ !#$%/8$.&/6
 43 b'#3$8| +#&#(1 "(+*")$ $".)&# 2#8. X%(#4/:/23* !*4),!Y> +#a [6 b'#3$8|> L.CH9*)!`> 
$6 HhU6 
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0)*' .'*23# %/%#3.&# F.'*2 '3)#3/ $/8#%/&.&#3/> HV :!3 0)*-
') %/%#3.&*2KK
 v G!"#$% 3( JI44 FH :+C=@ .'*2, '3)#3*-. Fg(!/ [')8K> H :+C=@ 4#-
!#(/ (.+",$+:+.3*2 & %*("*3%/3)* & $%.$,38, HaI> 0)*' .'*23# 
%/%#3.&# F.'*2 '3)#3/ $/8#%/&.&#3/> HV :!3 0)*') %/%#3.&*2KK
b".)&# 3#4#2B $)C 4. ,+/$8)&#3)# )!"#$%<& 3# &$+/$%8):; (.4+#2#:; 
+#"(#&/6 A#'*9/ +&(<:)@ ,&#-C 3# +0/% X:;,4*Y +#"(#&/> 8%<(* 1#%&. 
) $+/08. &:;1#3)#2B %1,$%* $81#43)8) $".)&#> ".+.$%#&)#2B: :)*!3* .%.8) 
&.8<1 ".+.$%#&)#3/:; )!"#$%<&6 W 4(,-)*2 $%(.3/> 2*=') 3)* "(+*$+8#4+# %. 
.40).(+* *$%*%/:+3*!,> &#($%&/ $%#2B $)C 0#(4+)*2 !#%.&*6 G! &)C:*2 $81#4-
3)8# 9/&):+3*-.> %/! E#(0# 2*$% 0#(4+)*2 ".1/$8')&# F+!#%.&)@ ".&)*(+:;-
3)C !.9* 4.4#%*8 8(*4/> 8%<(/ $%#0)')+,2* &/$.8)* &#($%&/ ) ".&.4,2* +#-
-C$+:+*3)* &$".!#-#2B:* ,+/$8)&#3)* E#8%,(K> 2#8 ) "(+/:+/3)# $)C 4. &/-
$/:;#3)# & :#1*2 !#$)*> 3)&*',2B: %&.(+*3)* 01.3/ 3# ".&)*(+:;3) )!"#-
$%,6 7)C8$+.=@ +0#4#3/:; $".)& !# 4.0(/ &"1/& 3# .%(+/!/&#3)* -(,-
0/:; &#($%&> :;.@ 3)* %#8 +4*:/4.&#3/:;6 d.&.4*! 2*$% 4.4#%*8 (.+%&.-
(<& 9/&): !#3)",',2B:/:; X"1/3)C:)*!Y E#(0/> ,3)*!.9')&)#2B: .%(+/!#3)* 
+3#:+3/:; !#$ )!"#$%,6 7/8#+,2B $)C 4.0(B .4".(3.=:)B 3# $"C8#3)# ) .4-
$".2*3)#> #'* (<&3)*9 3)$8B .4".(3.=:)B 3# +!)#3/ 0#(&/> :+*-. ".&.4*! 
2*$% -1<&3)* ,9/%/ .'*26 c)'8,43).&/ :+#$ &/$/:;#3)# !.9* ,%(,43)#@ "(#:C6 
 'N(& B"CD$!&C,H.GH
 w 3)*(.+:)*P:+#'3* & &.4+)*a
 — G!"#$% 3( JJ45 F.'*2 !#8.&/ Fg(!/ Z#)!*()K> HV :!3 0)*') %/-
tanowej)
 — G!"#$% 3( JS F.'*2 .(+*:;.&/ Fg(!/ Z#)!*()K> HV :!3 0)*') %/-
tanowej)
 — G!"#$% 3( JV F.'*2 '3)#3/ Fg(!/ O#'*3$K> &.$8 "$+:+*') & .'*2-
8, %*("*3%/3.&/! HaJ> HV :!3 0)*') %/%#3.&*2K
 — G!"#$% 3( JR F.'*2 !#8.&/ Fg(!/ Z#)!*()K> &.$8 "$+:+*') 
& .'*28, %*("*3%/3.&/! HaJ> HV :!3 0)*') %/%#3.&*2K
 44 G0)4*!> $6 HhU6
 45 7$+/$%8)* $81#43)8) $".)& %*:;3)8) .'*23*2 +.$%#1/ 4.0(#3* "(+*+ #,%.(8C 3# ".4$%#-
&)* )3E.(!#:2) + ')%*(#%,(/6
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7$+/$%8)* $".)&# 3#4#2B $)C 4. !#'#($%&# )!"#$%.&*-.> + !.9')&.-
=:)B 8(*.&#3)# (<93/:; E#8%,(> :+*!, $"(+/2# 4.4#%*8 8(*4/ ) ")#$8,6 7#(-
$%&# !#'#($8# :;#(#8%*(/+,2* $)C 0#(4+. 4.0(B "(+/:+*"3.=:)B 4. &$+/$%-
8):; (.4+#2<& ".41.9# +* &+-'C4, 3# &/$.8B *'#$%/:+3.=@ $".)&#6 G!"#-
$%/ 3)* &/8#+,2B %*34*3:2) 4. $"C8#P6 m0/ (.+"(.&#4+#3)* E#(0/ +#(<&3. 
"C4+'*!> 2#8 ) $+"#:;'B 0/1. 8.(+/$%3)*2$+* 4'# .$)B-3)C:)# :)*8#&$+/:; E#8-
%,(> +#'*:# $)C "(+/ %&.(+*3), E#(0/ ,!)#(8.&#3* 4.4#&#3)* 4. ")-!*3%, 
$".)&#> +&1#$+:+# .'*2, !#8.&*-. FR';!#%& 9"& bb& *& b5K> ".&.4,2B:*-. +0/% 
(+#48B 8.3$/$%*3:2C6 7#4B $".)&# .'*23*-. 2*$% +4.'3.=@ %&.(+*3)# :)*38)*2 
&#($%&/ ')3.8$/4, 3# ".&)*(+:;3)> $%B4 &/$.8) )!"#$%> 3#3)*$).3/ & 2*43*2 
&#($%&)*> 3)* &/$/:;# & :#1*2 !#$)*6 Z.9* %. 4."(.&#4+)@ 4. 41,-.%(&#-
1*-. :+#$, ,%(+/!/&#3)# $)C !)C88.=:) E#(0/ ".4 +*$%#'.3B 01.3B6 c.'*23B 
3)*8.(+/$%3B :*:;B 2*$% 41,-) :+#$ $:;3)C:)# 8.38(*%3/ 4'# ".$+:+*-<'3*-. 
%/", .'*2, D 3# "(+/81#4 .'*2 !#8.&/ &/$/:;# 3#241,9*26 [#4#3)* ".8#+#1.> 
9* !.93# %*3 :+#$ $8(<:)@ "."(+*+ .4$B:+*3)* $".)&# 3# "#")*(+* F:. 2*$% 
:+C$%B "(#8%/8B &=(<4 #(%/$%<&K ',0 ".1B:+*3)* E#(0/ + 8(*4B #'0. ")#$8)*!6 
Ik 4.4#%*8 &.$8, ".&.4,2* $+/0$+* +*$%#'*3)* $)C E#(0> '*:+ 3)* "."(#&)# 
&/(#?3)* $:;3)C:)#6 7$+/$%8)* )!"#$%/ !#2B ".&)*(+:;3)C ".1/$8')&B> 8%<(# 
!#%.&) $)C ". +!)*$+#3), + 8(*4B> ". .4$B:+*3), 3#4!)#(, .'*2, ',0 3)*-
&)*'8)! 4.4#%8)*! &.$8,6 W!3)*2$+*3)* )'.=:) .'*2, & %(#8:)* ,:)*(#3)# E#(0 
(<&3)*9 8.(+/$%3)* &"1/&# 3# *$%*%/8C ,+/$8#3/:; &#($%&6 b".)&. .'*23* 
4.=@ $+/08. 9<183)*> :. & $+:+*-<'3.=:) &#93* 2*$% "(+/ 2#$3/:; 0#(&#:;6 
[#4#3)* &/8#+#1.> 9* .'*2 !#8.&/ 2*$% 3#20#(4+)*2 $%#0)'3/! ."%/:+3)* $".-
)&*! $".=(<4 ,9/%/:; & :+C=:) 4.=&)#4:+#'3*26 O*:;3)8# .'*23# $"(#&4+) 
$)C> ". .4".&)*43)! "(+/-.%.&#3),> 4. 8#94*2 !*%.4/ !#'.&#3)#6
&N(& B"CD$!&$C-OC$H
 w &.4.(.+:)*P:+#'3*a
 y *!,'$2# &.$8.&# D %/", X.'*2 & &.4+)*Y D G!"#$% 3( Jh46 (2 
:+6 .026 &.$8, "$+:+*'*-. FHaI & .'*28, %*("*3%/3.&/!K> J :+6 
.026 9<1%8#> I :+6 .026 &.4/ 4. (.+:)*P:+*3)#> HV :!3 0)*') %/-
tanowej)
 46 b".)&. %. 3#4#2* $)C 4. %*:;3)8) ;!#%,#,> +#a e6 e.$.$> ."6 :)%6> $6 hQ6 
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 — G!"#$% 3( JUSh FH>V :+6 .026 -,!/ #(#0$8)*2 F-.%.&/ (.+-
%&<( -,!/ #(#0$8)*2 g(!/ 7)3$.(~A*&%.3K> H :+6 .026 
&.$8, "$+:+*'*-.> H :+6 .026 &*(3)8$, 4#!#(.&*-. Fg(-
!/ n*3*$#3$K> UDHQ :+6 .026 -.(B:*2 "(+*-.%.&#3*2 &.-
4/> HV :!3 0)*') %/%#3.&*2K FG'6 HJDHSmK
b".)&# %* 3#4#2B $)C 4. ,+/$8)&#3)# )!"#$%<& 3)$8):; ) 4*')8#%3/:; &/-
1B:+3)* 3# +#"(#&)* X:;,4*2Y6 x'#$%/:+3.=@ )!"#$%<& 2*$% 3)*&/$%#(:+#2B:# 
4. ".4.0(#+)# "1<:)*33*-. D "C8#2B + &/(#?3B %*34*3:2B 4. .4$".2*P 3# 
+#"(#&)* X%1,$%*2Y6 c.3$/$%*3:2# E#(0 "(+/".!)3# -C$%B =!)*%#3C6 A)* +#'*-
:# $)C +#-C$+:+#3)# 8(*4B> -4/9 "<?3)*2 &#($%&# !#'#($8# 1#%&. "C8#6 i#(-
0# . $".)&)* + 4.4#%8)*! 9<1%8# D R';!#%& 9"& b7> 3)* 3#4#2* $)C 4. &/$.-
8):; )!"#$%<& D 2*$% +0/% !#1. *'#$%/:+3#6 e*"$+/!) &1#=:)&.=:)#!) &/-
8#+#1# $)C E#(0# . $".)&)* + 4.4#%8)*! -,!/ #(#0$8)*2 ) &*(3)8$, 4#!#(.-
&*-. (R';!#%&9"&b4K6 OC E#(0C (<&3)*9 3#'*9/ 3#81#4#@ 3# X:;,4BY +#"(#&C6 
7*(3)8$ $".&.4.&#1 &)C8$+/ ".1/$8 ".&)*(+:;3) )!"#$%<&6 i#(0/ 3#4#2B 
$)C 4. !#'#($%&# +#!#$+/$%*-.> # :;#(#8%*(/$%/:+3# 8.3$/$%*3:2# &$".!#-
-# $+/08)* 3#81#4#3)* &)C8$+/:; ".&)*(+:;3) +# ".!.:B !3)*2$+*-. ,4+)#-
1, E#(0/6 `,9/! #%,%*! 2*$% 0(#8 &/(#?3/:; +!)#3 ."%/:+3/:; & &#($%&)* 
!#'#($8)*2> 2#8 ) 8(<%8) :+#$ &/$/:;#3)#6
 w 3)*(.+:)*P:+#'3* & &.4+)*a
 y *!,'$2# &.$8.&# D %/", X&.4# & .'*2,Y D G!"#$% 3( Jf (1 cz. 
.026 &.$8, "$+:+*'*-.> H :+6 .026 %*("*3%/3/ &*3*:8)*2> 0)*' %/-
%#3.&# .'*23# F.'*2 '3)#3/ g(!/ n*3*$#3$> HV :!3 0)*') %/%#3.-
&*2KK FG'6 IVDIRmK
 — G!"#$% 3( SQ48 FH :+6 .026 &.$8, "$+:+*'*-.> H :+6 .026 
.'*2, '3)#3*-. Fg(!/ n*3*$#3$K> 0)*' %/%#3.&# .'*23# 
F.'*2 '3)#3/ g(!/ n*3*$#3$> HV :!3 0)*') %/%#3.&*2KK
 — G!"#$% 3( SH49 FH :+6 .026 .'*2, '3)#3*-. Fg(!/ n*3*-
$#3$K> H :+6 .026 &.$8, "$+:+*'*-.> H :+6 .026 .'*28, %*(-
"*3%/3.&*-.> HV :!3 0)*') %/%#3.&*2KK
 Sh [6 b'#3$8|> ."6 :)%6> $6 ISh6
 48 b%*";*3$.3 +#'*:# $".)&. 4. )!"#$%<&> +#a L6 b%*";*3$.3> ."6 :)%6> $6 Sf6
 49 b".)&*! %/! ".$1,-)&#1 $)C 7)'')#! r,3%> +#a b6 r#:83*/> O!*9%&!9A&O=";,#.`> $6 UI6
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b".)&# %* &/8#+,2B 0#(4+. 4.0(* :*:;/ 4. !#'#($%&# &/8.(+/$%,2B:*-
-. &/$.8)*> 3#81#4#3* & 2*43*2 &#($%&)* )!"#$%/6 x'#$%/:+3.=@ E#(0 2*$% 3# 
%/'* 4,9#> 9* !.93# $&.0.43)* 0,4.&#@ )!"#$%/ 3# ".4.0(#+)#:; "1<:)*3-
3/:; 3# &$+/$%8):; (.4+#2#:; +#"(#&6 n<93):* ".2#&)#2B $)C & 8.3$/$%*3-
:2#:; ,+/$8#3/:; E#(0> 4/8%,2B:/:; .4!)*33* $".$.0/ "(#:/ 3# ".4.0(#-
+)#:;6 i#(0# . $".)&)* ."#(%/! 3# (<&3*2 :+C=:) &.$8, ) .'*2, D R';!#%&
9"& 3\& D :;#(#8%*(/+,2* $)C 8.3$/$%*3:2B "(+/".!)3#2B:B !#$1.> :. ,%(,4-
3)# +#!#$+/$%* 4+)#1#3)* !#'#($8)* "C4+'*! ) $+"#:;'B6 7/!#-# &%*4/ 4.-
4#%8, ")#$8, ,1#%&)#2B:*-. '*"$+B 8.3%(.'C & 3#81#4#3),6 A#2'*"$+* :*:;/ 
4. ,+/$8)&#3)# &/$.8):; &#($%& & E.(!)* (<93.(.43/:; E#8%,( &/8#+,-
2B "(+/81#4/ R';!#%I:& 9"& bV& *& 326 7 ")*(&$+/! "(+/"#48, !*4),! + &.-
$8, ) %*("*3%/3/ &*3*:8)*2 ".&.4.&#1. $+/08)* -C$%3)*3)* E#(0/> :. & (*-
+,'%#:)* &/!#-#1. 4*')8#%3*-. (.+:)*P:+#3)# .'*28)*! %*("*3%/3.&/!> #0/ 
".$1,-)&#3)* $)C "C4+'*! 0/1. $&.0.43)*2$+*6 O,%#2 $+"#:;'# 3#4#&#1# $)C 
3#2'*")*26 W 8.'*) E#(0# R';!#%=& 32> 8%<(*2 $".)&. ."#(%* 0/1. 3# 4.4#%8, 
4. &.$8, .'*2, ) %*("*3%/3/ &*3*:8)*2> :;#(#8%*(/+.&#1# $)C 3#2'*"$+/!) :*-
:;#!) "(+/4#%3/!) 4. !#'#($%&# *8$"(*$2)6 }B:+*3)* + 8(*4B ) ")#$8)*! ".-
'*"$+# &1#=:)&.=:) E#(06 A)* +#.0$*(&.&#3. &/(#?3/:; +!)#3 0#(&/6 7#-
4B $".)& &.$8.&/:;> ".4:+#$ 1B:+*3)# + ")-!*3%*!> 2*$% $+/08)* %C9*3)*6 
7 "(#:/ !#'#($8)*2 "(+/4#%3/ 2*$% 4.=@ (<93.(.43/> #'* 8(<%8) :+#$ &/$/-
:;#3)# E#(0/ D .4 8)'8, -.4+)3 4. H>V 43)#6
&N'(&B"CD$!&C"!#/H&G!&M%$D6!67&-4/+64G%67
 w &.4.(.+:)*P:+#'3*a
 y 4/$"*($2# #8(/'.&# D G!"#$% 3( SI F4/$"*($2# #8(/'.&#50 Fg(-
!/ [')8K> HV :!3 0)*') %/%#3.&*2K FG'6 HVDHRmK
 — G!"#$% 3( SJ FH :+6 .026 4/$"*($2) #8(/'.&*2 Fg(!/ [')8K> 
H :+6 .026 &.4/> HV :!3 0)*') %/%#3.&*2K
 — G!"#$% 3( SS FH :+6 .026 4/$"*($2) #8(/'.&*2 Fg(!/ [')8K> 
H :+6 .026 .'*2, '3)#3*-. Fg(!/ n*3*$#3$K> HV :!3 0)*') 
tytanowej)
 50 `. )!"#$%, +.$%#1# &/8.(+/$%#3# 4/$"*($2# #8(/'.&# d()!#' mo JJ F3# 0#+)* #8(/'#-
3, *%/', RQk> !*%#8(/'#3, !*%/', JQ%> !*%#8(/'#3, *%/', HQkK6
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b".)&# 3#4#2B $)C 4. !#'.&#3)# )!"#$%.&. 3# &$+/$%8):; (.4+#2#:; 
+#"(#&/6 m0/ ,+/$8#@ 4.0(B $".)$%.=@> E#(0/ + $#!/! $".)&*! #8(/'.&/! 
&/!#-#2B 2*-. 4,9*-. 4.4#%8,6 G! !3)*2$+/ .02C%.=:).&/ ,4+)#1 4/$"*($2) 
& E#(0)*> %/! 0#(4+)*2 .4".(3.=@ 3# $"C8#3)# ) 0(#8 #4;*+2)> +&1#$+:+# 4. 
+#"(#&/ X%1,$%*2Y ) X"<1%1,$%*2Y> !#'*2*6 `.%/:+/ %. "(+*4* &$+/$%8)! $".-
iwa R';!#%=& 9"&3b> & 8%<(/! ,9/%# 4/$"*($2# 0/1# (.+:)*P:+.3# &.4B6 G3#-
:+*2 2*$% & "(+/"#48, E#(0/ R';!#%=& 9"&33> ."#(%*2 3# $".)&)* + 4.4#%8)*! 
.'*2,6 c.3$/$%*3:2# E#(0 ."#(%/:; 3# $#!/! $".)&)* #8(/'.&/! ".&.4,2*> 
9* ".4:+#$ 3#81#4#3)# $+"#:;'B X,:)*8#Y $".4 3#(+C4+)#> ,%(,43)#2B: 8.3-
%(.'.&#3* 3#81#4/ )!"#$%.&* & $+:+*-<'3.=:) 3# =')$8)*2 ".&)*(+:;3) +#-
"(#&/ X%1,$%*2Y6 7%*4/ 3#2'*")*2 4.4#@ 8(*4C ',0 ")#$*8> 8%<(/ ,1#%&)# ,+/-
$8)&#3)* &/$.8):; 8.3%(.'.&#3/:; E#8%,( )!"#$%,6 A#2'*"$+B 8.3$/$%*3:2C 
!#2B E#(0/ ."#(%* 3# *!,'$2) #8(/'.&.5.'*23*2 FR';!#%& 9"& 33K> &$".!#-#2B-
:*2 *8$"(*$/23* 3#81#4#3)# -(,0/:; &#($%& &(#+ + +#:;.&#3)*! ='#4, 3#-
(+C4+)#6 b".)&# %* :*:;,2* $%#0)'3.=@ ."%/:+3#> 2#8 ) $+/08) :+#$ $:;3)C:)#> 
".!)2#2B: "(+/"#4*8 R';!#%=& 9"& 33& D &/8#+,2B:*-. $)C 9<183)C:)*! ) &/-
41,9.3/! :+#$*! $:;3)C:)# 4. .86 H>V 43)#6
 y 4/$"*($2# #8(/'.&# + 4.4#%8)*! -.%.&*2 "#$%/ 4. )!"#$%, D 
G!"#$% 3( SR (R';!#%,& E.(?& +!%%& F-.%.&# "#$%# 4. )!"#$%<& 
g(!/ `#'*(5n.&3*/K> 4/$"*($2# #8(/'.&# Fd()!#' mo JJ> g(-
!/ [')8K> HV :!3 0)*') %/%#3.&*2K
 — G!"#$% 3( SRm (R';!#%,&E.(?&+!%%& F-.%.&# "#$%# 4. )!-
"#$%<& g(!/ `#'*(5n.&3*/K> H :+6 .026 4/$"*($2) #8(/'.-
&*2 Fd()!#' mo JJ> g(!/ [')8K> H :+6 .026 &.4/> HV :!3 
0)*') %/%#3.&*2K 
 — G!"#$% 3( Sh (d.!eB& 0.(& '.A*='& F-.%.&# "#$%# 4. )!"#-
$%<& g(!/ m!$%*(4#!K> 4/$"*($2# #8(/'.&# Fd()!#' mo 
JJ g(!/ [')8K> HV :!3 0)*') %/%#3.&*2K 
d#$%/ & 3)*+3#:+3/ $".$<0 +#-C=:)1/ E#(0/ . $".)&)* #8(/'.&/!6 d.-
!)!. %*-. :;#(#8%*(/$%/:+3* X=')+-#3)* $)CY E#(0/ 3# +#"(#&)* X%1,$%*2Y 
".+.$%#1.> 2#8 ) 3)*&/-.43* +2#&)$8. X,:)*8#3)#Y $".4 3#(+C4+)#6 [#4#-
3)* &/8#+#1.> 9* 4.4#%*8 "#$%/ +3#:+3)* ".'*"$+# &1#=:)&.=:) E#(0/ ."#(-
%*2 3# $".)&)* (.+:)*P:+.3*2 4/$"*($2) &.43*2 D 3)* "C8# ) :;#(#8%*(/+,2* 
$)C 4.0(B #4;*+2B 4. %(+*:; %/"<& +#"(#&6 7 :*', +#-C$+:+*3)# E#(0/ 3#2-
'*")*2 4.4#@ 8(*4/6 G'.=@ ")#$8, 3#'*9/ +!3)*2$+/@ 4. !)3)!,! + ".&.4, 
3)*&/-.43*-. 3#81#4#3)#6
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 y *!,'$2# 9<1%8.&# D %/", X.'*2 & &.4+)*Y + 4.4#%8)*! -.%.-
&*2 "#$% 4. )!"#$%, D G!"#$% 3( SU (d.!eB&0.(&'.A*='&F-.%.&# 
"#$%# 4. )!"#$%<& g(!/ m!$%*(4#!K> E#(0# %*!"*(.&# FH :+6 
.026 9<1%8#> H :+6 .026 .'*2, '3)#3*-. $/8#%/&.&#3*-.> HV :!3 
0)*') %/%#3.&*2KK FG'6 HhDHUmK
7 "(+/"#48, E#(0/ R';!#%=&9"&2\&."#(%*2 3# $".)&)* &.4.(.+:)*P:+#'-
3/! +!)*$+#3)* + "#$%B "(+*+3#:+.3B 4. E#(0 &.43/:; F%# $#!# ,9/%# +.-
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!"-$-79%,H %#!D9%!++$-'!7-,2%,H %+!-27%:!Y-26%!%(-HH#/#27%',2D-D7#2'9>% $-T8-(%!2(%7:-'4%
$,,4-26% $-4#% Z+!D7#[% :!D% "##2% #X!B-2#()%^,/#,Y#/<% 7:#% T8!$-79% ,H % !++$-'!7-,2% !2(%
'!+!"-$-79% ,H % D+/#!(-26% 7:#% +!-27% .-7:% 7:#% 8D#% ,H % !% "/8D:% ,/% !% +!-27-26% D+!78$!%
:!D% "##2% D78(-#()% \((-7-,2!$$9<% 7.,% 79+#D% ,H % U$$#/D>% ':!$4% !2(% D!2(% .#/#% !((#(%
7,% 7:#% +!-27% -2% ,/(#/% 7,% !'T8-/#% 7:#% (#D-/#(% H,/B% ,H % -B+!D7,% D7/8'78/#)%G8#% 7,%
7:#% +8/+,D#% ,H % 8D-26% 7:#% /#D#!/':% H,/% 7:#% "#2#U7% ,H % !% ',27#B+,/!/9% !/7-D7% !2(%
!% ',2D#/Y!7,/<% !D%.#$$% !D% 7!4-26% -27,%',2D-(#/!7-,2% 7:#% ',B+$#X%2!78/#%,H % /#'-+#D%
H,82(%-2%$-7#/!78/#<%+!/7%,H %-26/#(-#27D%,H %"-2(#/D%:!D%"##2%B,(-U#(%!2(%D8++$-#(%
.-7:% 7:#% ,2#D% !''#DD-"$#% ,2% 7:#% ',27#B+,/!/9% B!/4#7)% &2% 7:#% ',B+,D-7-,2% ,H %
"-2(#/D%,H %',B+$#X%D7/8'78/#%D#7D%,H %!%H#.%"-2(#/D%'!2%"#%H,82()% :#9%:!Y#%"##2%
(-Y-(#(% .-7:% /#6!/(% 7,% 7:#% 79+#% ,H % 7:#%B!-2% "-2(#/% !2(% 7:#% '!+!"-$-79% 7,% (-$87#%
!2(%2,7%(-$87#% -7%.-7:%.!7#/52.
 52 \/79483% +,.D7!3% 2!% +,(D7!.-#% "!(!1% !87,/#4<% '05CP% 0% 2-':% 0,D7!3!% 0!.!/7!% .% +/!'9%
B!6-D7#/D4-#=% \)% F.92!/<%789:);<;=6#( 6( &89:)6>#( ?@'%>6A#)6#( 6!"#%&BA( )#( A'C*#)'9:( ";D;C*#@6#9:(
"EB968))'9:<% .94,2!2#=% +,(% 4-#/824-#B% (/% :!")% _8D7929% `$D0#.D4-#=Ma.-#7$-4<% +/,H)% S^I<%
Q!43!(% #':2,$,6--% -% #':2-4%^!$!/D4-':%S^I%.% ,/82-8<% ,/81%bcdb)
[231]
&$)%d)%R/0943!(%+,(4/#C$#2-!% 7/;=.9B-!/,.,C'-% !2!7,B--% 7.!/09%.9D,4-B% -B+!D7#B%.0(38@%
2,D!% -%.% H,/B-#%.9D,4-#6,%+,=#(92'0#6,%(,742-5'-!%2!% =#6,% 0!4,1'0#2-8%,/!0% -B+!D7#B<%
2!3,@,29B% D0#/,4,<% .% ,4,$-'9% 4E'-4!% ,4!)% e,7,6/!U!% H/!6B#278% D'#29% O2-#",.0-5'-#%
0%4.!7#/9%8/,'09D7#%,7.!/'-#%N%!.#/D%(!.2#=%2!D7!.9%,37!/0,.#=%0%4,C'-,3!%+.)%C.)%C.)%R-,-
7/!% -% R!.3!%.% *7/0#6,B-8<% 70.)%^-D7/0% ,37!/0!% 0#% *7/0#6,B-!<% dVfghfi<%^80#8B%`4/56,-
.#%.% ,/82-8% ?H,7)%\)% *4,./,1ski).
[232]
&$)% b)% R/0943!(% +,(4/#C$#2-!%B!7#/--% D7/,=8% +/09% .94,/09D7!2-8% -B+!D78)% e/!6B#278% ,"/!-
08% _!',"%O#DD#$% ?didcNdifcA<%R,/7/#7% _!',"!% :#,(,/!%I$#-2!<%dijW<%^80#8B%L!/,(,.#%
.%k(!1D48<%,$#=%2!%+3;72-#% ?H,7)%\)% *4,./,1D4-A
[233]
&l)% m)%R/0943!(% H!478/9%B!$!/D4-#=%.92-4!=E'#=% 0% /,(0!=8% 0!D7,D,.!29':%B!7#/-!3;.%B!$!/-
D4-':)% n354-72!% D0!7!% ,+/!',.!2!% H!/"E% 0!.-#/!=E'E% 6/8",0-!/2-D79% 2!78/!$29% !08/97)% e/!6-
B#27% /#7!"8$8B%!27.#/+D4-#6,%0%n!09$-4-%^!/-!'4-#=%.%k(!1D48%2!09.!2#6,%C.)%\(/-!2!<%
,4)% djdc% ?H,7)%\)% *4,./,1D4-A
[234]
&$)% V)%e/!6B#27% #4D+/#D9=2-#% 0"8(,.!2#=%+,.-#/0':2-%,"/!08% 0!%+,B,'E%+5(0$-% -% D0+!':$-<%





@;374!% =!=!<% d% '0)% ,"=)% ,$#=8% 6,7,.!2#6,<% dj% 'Bm% "-#$-% 797!2,.#=A<% c<bj% '0)% ,"=)% jo% 4$#=8%
D4;/2#6,A)%&$)%j%N%.96$E(% -B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<%j\%N%+,%8+39.-#%g%796,(2-%
N% 0!8.!@!$2#% 02-D0'0#2-!%.%+,D7!'-% D+54!1% -%,(D+,=#1% ?H,7)%\)%F.92!/A
&$)% g<% -$)% g\)% R/0943!(% -B+!D78<% +/;"9% b% N% ,% /0!(D0#=% 4,2D9D7#2'=-<% 2!% 0!+/!.-#% J738D7#=K%
,% D+,-.-#% "-!34,.9B%N%.,(,/,0'-#1'0!$29B<% 2!% "!0-#% 4$#=8% 6$8792,.#6,% ?D+,-.,% 2/% b\>%
d% '0)% ,"=)% H!/"9% 7#B+#/,.#=% ?d% '0)% ,"=)% @;374!% =!=!<% d% '0)% ,"=)% ,$#=8% 6,7,.!2#6,<% dj% 'B3 
"-#$-% 797!2,.#=A<%c<bj%'0)%,"=)%jo%4$#=8%D4;/2#6,A)%&$)%g%N%.96$E(% -B+!D78%"#0+,C/#(2-,%+,%








N% 0!8.!@!$2#% 02-D0'0#2-!%.%+,D7!'-% D+54!1% -%,(D+,=#1% ?H,7)%\)%F.92!/A
[236]
&$)%f<% -$)%f\)%%R/0943!(%-B+!D78%2!43!(!2#6,%D0+!':$E<%2!%0!+/!.-#%J738D7#=K%,%D+,-.-#%"-!3-




7#/+#2792,.9B<% dj% 'B3% "-#$-% 797!2,.#=A)% &$)% f% N%.96$E(% -B+!D78% "#0+,C/#(2-,% +,% 2!3,@#-





6$E(% -B+!D78% "#0+,C/#(2-,% +,% 2!3,@#2-8<% W\% N% +,% 8+39.-#% g% 796,(2-% N% 0!8.!@!$2#% 2-#-
.-#$4-#% 02-D0'0#2-!%.%+,D7!'-% D+54!1%.%2!=6/8"D09':%+!/7-!':% -B+!D78% ?H,7)%\)%F.92!/A)
&$)% dc<% -$)% dc\)% R/0943!(% -B+!D78% 2!% 0!+/!.-#% J738D7#=K% ,% D+,-.-#% "-!34,.9B% N%.,(,/,0-
'-#1'0!$29B<%2!%"!0-#%4$#=8%4!0#-2,.#6,%?D+,-.,%2/%df>%d%'0)%,"=)% /,07.,/8%4!0#-29<%d%'0)%
,"=)%,$#=48%7#/+#2792,.#6,<%d%'0)%,"=)% 7#/+#27929%.#2#'4-#=<%dj%'B3%"-#$-% 797!2,.#=A)% &$)%dc%






7.;/% @9.-'9% (!B!/,.#=% .% 7#/+#2792-#% d>bA<% V% '0)% ,"=)% 6$-'#/929<% dj% 'B3% "-#$-% 797!2,.#=A)%
&$)% dd% N% .96$E(% -B+!D78% "#0+,C/#(2-,% +,% 2!3,@#2-8<% dd\% N% +,% 8+39.-#% g% 796,(2-% N% 0!-
8.!@!$2#%02-D0'0#2-!%.%+,D7!'-%,(D+,=#1%.%2!=6/8"D09':%+!/7-!':%-B+!D78%?H,7)%\)%F.92!/A
&$)% db<% -$)% db\)%R/0943!(% -B+!D78%2!%0!+/!.-#%J738D7#=K%,% D+,-.-#%.56$,.,(!2,.9B%N%.,-
(,/,0'-#1'0!$29B<%2!%"!0-#%68B%/,C$-229':% ?D+,-.,%2/%j>%j% '0)%,"=)% /,07.,/8%68B9%!/!"-
D4-#=%?d>bA<%d%'0)%,"=)%,$#=8%$2-!2#6,%?U/B9%q#2#D!2DA<%d%'0)%,"=)%.#/2-4D8%(!B!/,.#6,%?/,0-
7.;/% @9.-'9% (!B!/,.#=% .% 7#/+#2792-#% d>bA<% V% '0)% ,"=)% 6$-'#/929<% dj% 'B3% "-#$-% 797!2,.#=A)
&$)%db%N%.96$E(%-B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<%db\%N%+,%8+39.-#%g%796,(2-%N%0!8.!-
@!$2#% 02-D0'0#2-!%.%+,D7!'-%(#$-4!729':% D+54!1% ?H,7)%\)%F.92!/A
&$)% dm<% -$)% dm\)% R/0943!(% -B+!D78% 2!% 0!+/!.-#% J+;3738D7#=K% ,% D+,-.-#% .,D4,.9B% N%.,(,-
/,0'-#1'0!$29B%?D+,-.,%2/%mf>%d<j%'0)%,"=)%68B9%!/!"D4-#=%?6,7,.9%/,07.;/%68B9%!/!"D4-#=%
U/B9%O-2D,/rL#.7,2A<%d%'0)%,"=)%.,D48%+D0'0#$#6,<%d%'0)%,"=)%.#/2-4D8%(!B!/,.#6,%?U/-
B9%q#2#D!2DA<% fNdc% '0)% ,"=)% 6,/E'#=% +/0#6,7,.!2#=% .,(9<% dj% 'B3% "-#$-% 797!2,.#=A)% &$)% dm%
N%.96$E(% -B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<% dm\%N%+,%8+39.-#% g% 796,(2-% N% 0!8.!@!$2#%
02-D0'0#2-!%.%+,D7!'-% D+54!1% ?H,7)%\)%F.92!/A
[238]
&$)% dV<% -$)% dV\)% % R/0943!(% -B+!D78% 0% (,(!74-#B%.9+#32-!'0!% 4/#(,.#6,<% 2!% 0!+/!.-#% J738-
D7#=K%,% D+,-.-#%.,D4,.9B%N%.,(,/,0'-#1'0!$29B% ?D+,-.,%2/%mf>% d<j% '0)%,"=)% 68B9%!/!"-
D4-#=% ?6,7,.9% /,07.;/% 68B9% !/!"D4-#=% U/B9%O-2D,/rL#.7,2A<% d% '0)% ,"=)% .,D48% +D0'0#-
$#6,<% d% '0)% ,"=)% .#/2-4D8% (!B!/,.#6,% ?U/B9% q#2#D!2DA<% fNdc% '0)% ,"=)% 6,/E'#=% +/0#6,7,-
.!2#=%.,(9<% dj% 'B3% "-#$-% 797!2,.#=A)% &$)% dV% N%.96$E(% -B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<%
dV\% N% +,% 8+39.-#% g% 796,(2-% N% 0!8.!@!$2#% 2-#.-#$4-#% 02-D0'0#2-!% .% +,D7!'-% (#$-4!729':%
D+54!1% ?H,7)%\)%F.92!/A
&$)% dj<% -$)% dj\)% R/0943!(% -B+!D78<% +/;"9% b% N% ,% /0!(D0#=% 4,2D9D7#2'=-<% 2!% 0!+/!.-#% J+;3-
738D7#=K% ,% D+,-.-#% !4/9$,.9B% N% .,(,/,0'-#1'0!$29B% ?D+,-.,% 2/% Vb>% (9D+#/D=!% !4/9$,.! 
?U/B9%n$-4A<% dj% 'B3% "-#$-% 797!2,.#=A)% &$)% dj%N%.96$E(% -B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<%
dj\% N% +,% 8+39.-#% g% 796,(2-% N% 0!8.!@!$2#% ,"2-@#2-#% .9D,4,C'-% -B+!D78% +,('0!D% .9D9-
':!2-!% ?H,7)%\)%F.92!/A
&$)% dg<% -$)% dg\)% R/0943!(% -B+!D78<% +/;"9% d% N% ,% 65D7#=% 4,2D9D7#2'=-<% 2!% 0!+/!.-#% J738D7#=K%
,%D+,-.-#%!4/9$,.9B%N%.,(,/,0'-#1'0!$29B%?D+,-.,%2/%Vb>%(9D+#/D=!%!4/9$,.!%?U/B9%n$-4A< 
15 cm3% "-#$-% 797!2,.#=A)% &$)% dg% N% .96$E(% -B+!D78% "#0+,C/#(2-,% +,% 2!3,@#2-8<% dg\% N% +,%
8+39.-#%g% 796,(2-%N% 0!8.!@!$2#% D+54!2-!% -% ,(D+,=#2-!% -B+!D78% ?H,7)%\)%F.92!/A
[239]
&$)% di<% -$)% di\)%R/0943!(% -B+!D78%2!% 0!+/!.-#% J':8(#=K%,% D+,-.-#%2!%"!0-#% #B8$D=-% @;374,-
.#=% N% 79+8% J,$#=%.%.,(0-#K% 0% (,(!74-#B% 6,7,.#=% +!D7% (,% -B+!D78% ?D+,-.,% 2/% Vf>%s#!Y9%
6#$%B#(-8B% ?6,7,.!% +!D7!% (,% -B+!D7;.% U/B9%\BD7#/(!BA<% H!/"!% 7#B+#/,.!% ?d% '0)% ,"=)%
@;374!<% d'0)% ,"=)% ,$#=8% $2-!2#6,% D94!79.,.!2#6,<% dj% 'B3% "-#$-% 797!2,.#=A)% &$)% di% N%.96$E(%
-B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<%di\%N%+,%8+39.-#%g% 796,(2-%N%0!8.!@!$2#%2-#02!'0-
2#%,+!(2-5'-#% H!/"9% ?H,7)%\)%F.92!/A
&$)% df<% -$)% df\)% R/0943!(% -B+!D78% 2!% 0!+/!.-#% J738D7#=K% ,% D+,-.-#% 2!% "!0-#% #B8$D=-% @;374,-
.#=%N% 79+8%J,$#=%.%.,(0-#K%0%(,(!74-#B%6,7,.#=%+!D79%(,% -B+!D78% ?D+,-.,%2/%Vf>%s#!Y9%
6#$%B#(-8B% ?6,7,.!% +!D7!% (,% -B+!D7;.% U/B9%\BD7#/(!BA<% H!/"!% 7#B+#/,.!% ?d% '0)% ,"=)%
@;374!<% d'0)% ,"=)% ,$#=8% $2-!2#6,% D94!79.,.!2#6,<% dj% 'B3% "-#$-% 797!2,.#=A)% &$)% df% N% .96$E(%
-B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<%df\%N%+,%8+39.-#%g% 796,(2-%N%0!8.!@!$2#%2-#02!'0-
2#%,+!(2-5'-#% H!/"9% ?H,7)%\)%F.92!/A
&$)% dW<% -$)% dW\)% R/0943!(% -B+!D78<% +/;"9% d% N% ,% 65D7#=% 4,2D9D7#2'=-<% 2!% 0!+/!.-#% J':8(#=K%
,% D+,-.-#% "-!34,.9B% N% 2-#/,0'-#1'0!$29B% .% .,(0-#<% 2!% "!0-#% #B8$D=-% @;374,.#=% N% 79+8%
J.,(!%.% ,$#=8K% ?D+,-.,% 2/% dj>% d% '05CP% =!=4!% ?'!3#% =!=4,A<% d% '05CP%B!D794D8% ?bjo%B!D794D%
.% ,$#=48% 7#/+#2792,.9BA<% dc% 'B3% "-#$-% 797!2,.#=<% d% '05CP% H!/"9% ,$#=2#=% ?,$#=% $2-!29% U/B9%




&$)% bc<% -$)% bc\)%R/0943!(% -B+!D78<% +/;"9% b%N%,% /0!(D0#=% 4,2D9D7#2'=-<% 2!% 0!+/!.-#% J738D7#=K%
,% D+,-.-#% "-!34,.9B% N% 2-#/,0'-#1'0!$29B%.% .,(0-#<% 2!% "!0-#% #B8$D=-% @;374,.#=% N% 79+8%
J.,(!%.%,$#=8K% ?D+,-.,%2/%dj>% %d%'05CP% =!=4!% ?'!3#% =!=4,A<%d%'05CP%B!D794D8% ?bjo%B!D794D%
.% ,$#=48% 7#/+#2792,.9BA<% dc% 'B3% "-#$-% 797!2,.#=<% d% '05CP% H!/"9% ,$#=2#=% ?,$#=% $2-!29% U/B9%
q#2#D!2D<%j%'B3%"-#$-% 797!2,.#=A)%&$)%bc%N%.96$E(%-B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<%bc\%
N%+,%8+39.-#% g% 796,(2-%N% -B+!D7%B!%+$!D79'02-#%84D07!37,.!2E%+,.-#/0':2-5% 0%,(.0,/,-
.!29B%(847#B%+5(0$!% ?H,7)%\)%F.92!/A
&$)% bd<% -$)% bd\)% R/0943!(% -B+!D78<% +/;"9% d% N% ,% 65D7#=% 4,2D9D7#2'=-<% 2!% 0!+/!.-#% J':8(#=K%
,% D+,-.-#% "-!34,.9B% N% 2-#/,0'-#1'0!$29B%.%.,(0-#<% 2!% "!0-#% #B8$D=-% 4!0#-2,.#=% N% 79+8%
J.,(!%.%,$#=8K%?D+,-.,%2/%bb>%d%'0)%,"=)%7#B+#/9%4!0#-2,.#=%?m%'0)%,"=)%/,07.,/8%4!0#-29<%
d%'0)%,"=)%,$#=8% $2-!2#6,%6,7,.!2#6,<%j%'B3%"-#$-% 797!2,.#=A<%d%'0)%"-#$-%,$#=2#=% ?,$#=% $2-!29%
D94!79.,.!29<%j%'B3%"-#$-% 797!2,.#=A)% &$)%bd%N%.96$E(% -B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<%
bd\%N%+,%8+39.-#%g% 796,(2-%N%2-#% 0!,"D#/.,.!2,% D+54!1% -%,(D+,=#1% ?H,7)%\)%F.92!/A
&$)%bb<%-$)%bb\)%R/0943!(%-B+!D78<%809D4!2#6,%D0+!':$E<%2!%0!+/!.-#%J738D7#=K%,%D+,-.-#%"-!3-
4,.9B%N%2-#/,0'-#1'0!$29B%.%.,(0-#<%2!%"!0-#%#B8$D=-%4!0#-2,.#=%N%79+8%J.,(!%.%,$#=8K%
?D+,-.,%2/% bb>% d% '0)% ,"=)% 7#B+#/9%4!0#-2,.#=% ?m% '0)% ,"=)% /,07.,/8%4!0#-29<% d% '0)% ,"=)% ,$#-
=8% $2-!2#6,%6,7,.!2#6,<%j%'B3%"-#$-% 797!2,.#=A<%d%'0)%"-#$-%,$#=2#=% ?,$#=% $2-!29%D94!79.,.!-
29<% j% 'B3% "-#$-% 797!2,.#=A)% &$)% bb%N%.96$E(% -B+!D78%"#0+,C/#(2-,%+,%2!3,@#2-8<% bb\%N%+,%
8+39.-#%g% 796,(2-%N%2-#% 0!,"D#/.,.!2,% D+54!1% -%,(D+,=#1% ?H,7)%\)%F.92!/A
[241]
&$)% bm<% -$)% bm\)% R/0943!(% -B+!D78<% +/;"9% d% N% ,% 65D7#=% 4,2D9D7#2'=-<% 2!% 0!+/!.-#% J':8(#=K%
,% D+,-.-#%,$#=2,M@9.-'029B%N%2-#/,0'-#1'0!$29B%.%.,(0-#% ?D+,-.,%2/%bg>% d% '0)%,"=)%,$#-
=8% $2-!2#6,%D94!79.,.!2#6,<%d%'0)%,"=)%B!D794D%.%,$#=48% 7#/+#2792,.9B%d>b<%dj%'B3%"-#$-%
797!2,.#=A)% &$)% bm% N%.96$E(% -B+!D78% +,% 2!3,@#2-8<% bm\%N% +,% 8+39.-#% g% 796,(2-% N% 2-#% 0!-
,"D#/.,.!2,% D+54!1% -%,(D+,=#1% ?H,7)%\)%F.92!/A
&$)%bV<% -$)%bV\)%R/0943!(%-B+!D78<%+/;"9%j%N%0%.9+#32-!'0#B%4/#(,.9B<%2!%0!+/!.-#%J':8-
(#=K%,% D+,-.-#%,$#=2,M@9.-'029B%N%2-#/,0'-#1'0!$29B%.%.,(0-#% ?D+,-.,%2/%bg>%d%'0)%,"=)%
,$#=8% $2-!2#6,% D94!79.,.!2#6,<% d% '0)% ,"=)% B!D794D% .% ,$#=48% 7#/+#2792,.9B% d>b<% dj% 'B3 
"-#$-% 797!2,.#=A)% &$)% bV% N% .96$E(% -B+!D78% "#0+,C/#(2-,% +,% 2!3,@#2-8<% bV\% N% +,% 8+39.-#%
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